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PRESSURE CASTING 5 10 15 This i'nvention relates to an inproved netal flow
system for use in the production o astings made from magnesi um
alloys in a nolten or thixotropi cst @E{ Eﬁmlmml e for use with existing
machi nes in various forms includin d chanber di & &&RR 240
machi nes. An under st andi ng has devel ope'd®{%itr oughout the international
pressure casting industry that, because of the | ower heat capacity of
magnesi um al | oY@ ¥sesar ed t o zi nc and al um nium al |l oys, it PCc3/Avesz@sssary to
use large runners and gates to prevent prenature freezing of the nolten
magnesi um al l oy netal . | ndem this is _considered best practice by the
i ndustry, although interpreMAGNRSIUMPRESSWRELAEHING Wt hin the industry,
there are many different design nethods which are thought to provide
satisfactory castings from magnesi um al |l oys. However, the nmagnesi um al | oy
pressure cadis ingentipnoelatesdtonsn inrseeechmeta dew guplemalforyusexini the tredugtiemptr
degree of S
castings, IS0 RAanGE e ot FARALEE o Ay e RlioR ol MGUGLPHEREHE, g
that it sis spﬁats!e mre:seevnfhr&mhtmga n‘racglheqmwanpys mﬂesmﬂ@lrtgdmt iang soldfchaadpeesi um
al |l oys V\,itr}j usestof th §r esent invention. The castings so produced are able
to be of a (!]%5? 'P?"&a(fﬁﬁ‘ Pable to that obtainable with casti ngs of al um ni um
or zinc alloys. Moreover, we have found that casting quality is able to be

enhanced by, t he, use | o ste hav] n nners and gat es, whi ch
oo ot |t UderSdng 5 nvelonad ORI s leorRlR HEr S rasina JEms o
the i nvent ithat, @Badlse of thul swatidaticapatity @f enagnbsium dllogs eambard tyi Adland hat

in the ercentage ratio of castin ht to total shot V\equ_hts Thus,

the wei Bt S4BT AT (s Reredsery 4o e 1250 Broarsans 9ps Beeyed Memaiire 1 o

be subst antfre@zlnug dr kIR flen WabRedi@th libyambtal. e Mdebd, QRis idlcdsiidrsd baut pFREES. 30
The present invention enableS a nethod of calculating netal flow syst ens

for the pr thdB?l'WSEY aithgwaisintermratalions R EPSESTal-ch exhi bit i nproved
quality and with 9 April 2002 significantly less metal in the feeding
systenms, with consequent reduction in cost conpared to prior practices. The
present i nWithinghe pndustrdethese aee many |diflerentsdesiant methade whichpares sheught 4st i ng

of 5 magnes I e t ne
navi ng. & ki qug sefitelithbetBhsRord idghestiil A8, MRS, Td ARbhEATaARY

i ncl udes a presswe castirgs mrodlllcelde!anﬁ\e\ahlrnebthoﬁa‘ gmaib{t exhiilsa goesder degree off t he
systeminto ten I e

hi eet] on Gt aep gyt oMo fE SiRelel B, oR¥ oo it PrtSule ENES 9o

provi di ng fmsrstmgmmapbe@f sereicathle qlality.vel ociti es ther ein V\her eby
substantially all of the nmetal 10 flow ng throughout the die cavity is in a
sem -solid state and said formresults fromthe systemincluding at |east
one contg ol W\edhewaasidomme;gi@rpdaénbtehm :wmiuem high vduatty pregsure otehaengetoal
flowis able to spread | aterall Y wthresg 0|ts directi

i nj ection, WREPESIH aloyswityuseaiia rrasent pvepton; | 5\‘/?/(@@ fngsisp\Pro Cﬁf’ F{Feat?lﬁ its

vel ocity intot pe dflwg@émw\/e@mshﬁbkhe hhebstahblehgittabhdiigs Sf ehangiech br gcsai d
nolten state to said sem -solid state. 15 The |nvent|%r§ al so provides a

process for 3i¥adMaregyes wabavefguest that casyne guality isiablgyto beanhgneedybe wse
casting macHi metaliou BestemERtifg ﬂfnnerseadeﬁua@éh WeEh Bféssrﬁalﬂ"e%tlﬁéw dufrenybedtei n
t he process includes the steps of P |nrg'em)lten al | aétoamatal fl ow
syst em #hi chractics. uﬁﬁmtadiﬂewwstﬁemoa hedByertign g5akipacHbadntial depevemealst one
runner of the 2Qhsy ?ltsﬁl”lﬂamsolﬁ’\ﬂhb%rdgﬂ{aggr}amhr\’dmébh% thid §1RAR Sleidifs.and

fromwhich alloy is injected Int ie cavity, and controlling netal

f1 ow vel oci fhess they \Ateménteymeéahwmm pedssathe wAYGied pyd sAroGsESethis ahle 40 be
flow ng thrg ,&%'Sﬁ%“ J RBuLE v&tﬁ\fﬁ%ahﬁea&bua epbasQbhdositat e and wherein said

controlling es causing a romt e runner to flow through a
controll ed expansi on regi on V\hereby nmetal flow spreads laterally in said

region, kf’hg?psrgﬁ%?qg&enqtgn etngblgl‘.re elt% 8ff IEUI ﬁ'{g &Qtal Vﬁb@vh tén‘?é%rt t%@t

reductlon in ow velocity relalive 1o s ve runner.
findi ngs i ngradatort imatmagmetsrmnataﬂay maetlngsoﬁvhahvemugnmpvmamualﬁml antl stitht e
filling of the di e cavity proceeds progressively by sem-solid fronts of
met al novi ng y froma gate

IR
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30 or other site of injection. This formof filling with magnesiumalloy is
a major departure fromthe highly conplex liquid peripheral fill, followed
by back-filling, encountered with die casting of alumniumor zinc alloys
and first described by Frommer in 1932 (see the reference teghpriBof2
Casting" by H H Doehler published 1991 by McG aw Hi || Publ |‘§HLF| ng,

In the first formof the invention, the flow of nmagnesium all oy fromthe

run{ler I Sighiificandlly |b@@$ﬁet@|nm matwtfé'esd”gedyﬁmaglwa?cdr@eqmcti Qléd?dli@nrilﬁt ad)stf![ﬁW
system i met a owis able to spread laterally, w
respect ?"ﬁqﬁrg&]&‘? E@é?’paoch %ﬁ injection, with a 2 QL9 APR WD 991 28065 PCTI A
U98/ 00987 -3resultant reduction in its flow velocity relative to its

vel oci t yThé présnt inveation brovitdesr £fradtaleflovarsystege farniise tnpresslrer cdstingl ofh

expansi o S r e
meltoaﬁ ngﬁ%uﬂﬂ a@@ Hbemklté’ﬁl"?t%bé H?Hg%gf@ééu?féas%r\ﬁ%%htn@ r%‘d?@ é"ﬁgﬁlﬁ dr

arr angenﬁ'ﬁtWh'QMQefﬁ‘&P@ QIR Favitn ndereln dhessysterp Fﬁﬂ'Ud&ﬁ %ﬂ‘?éﬁtm‘?}&d b &eassct i onal
area of whicha@efibdw aluighsttdne gaher eHxhe agstemnintaf Wisich invaiten mosgmesient alloyas ar ea
of flow LHEqyel réc?é‘?verdeBPf?ﬁec%gSf 8l i @tBEt éﬂaletﬁaﬂwtgqh@'ﬂoﬂ sem/R! Y Foﬁnt hr ough

the effective Cross-s I on a ow t nner. whi ch exceeds
e vel oBTMInGIPOEROL istdsh %rsmw%ﬁrrsb? ttﬁmﬂeﬁt el of B metRled
pr actQ ceflovtiog Itmoughnut theecﬂlercaww iarin arepeisnlid statoanti sajd tform results frem ther m of

the inve s‘téiﬁ 1|n<:1Il.ml'i'lgCétfléésf-i‘iﬁ‘ﬁte'c@f‘iﬁ’élIe@refikéan(i’ef'orf|l Wntéfrtﬁ&%térh% %Icﬂ rBgisher ably

exceeds ffectiv r ner to an
oxtent prBUTERL T 516 TS eag e wili ok 1 | HrclRE 4P fyddifn, W08 | o
4:1. 15 mEsultant fredudtion i ftg dewsvetacity melptiver tedtsoyelegiyvin tthe cungier wherebyriher nay
prevai |l $tatedfgh@slioytidiendrigel! floangHid Hditembtafxtosald stimilsbid statener . However, the

effegdive area may prevail over only part of that |ongitudinal extent.
Thus, in_the latter case, there nay be a | arger crosssectional area of flow

thr ough The inveRiiry a'éﬁ _PEQVidas? foreRest ey W&F’E'C"@H aj ‘E@t'!‘%ﬁb?t’ﬂaﬁlfﬁfu"éﬁ{'%t in
whi ch t hesied faepriessigre wastirgg: s@chinerravingraamauld bt die whiel alefises EOdlé oavm

al t er nat g H3NHKIRE IncARERH Hdpd B Sf%]Jb?nyrljrr%ltJrPél 96 at the

35

controlle Egnlon e|0n|$ ? é é@i rL ¥ nthe
cavity, UPE'Y § OhiMPIT fieel fmeans, whig Res ab 'eask g th"%&f QXH Eh t he
met a20 ensyat@n tinte which mylten maghésiuralalley isaeceivedanchfrgenehich alidyeisdnigetgdbe an
LQVIQ?;G mito tth@tduél &ty t bh@ugithémfrllihghmla%: Flow |v§}g§géi gm trr%ﬁsgsgerhg%ﬁgelbpo the
Coui o At 80 the R Rofind hiPp@iy 9 4P SalvG8 i § SrmERel BAESPE e
and t he Wheginmagidseeniollingoirpiifes cansing wlipytirasmdhefrupper toufiawr thiguobha
cavity. toweied exparsigatagidibwhereby meetflofidw epreads ttbral lire daidxjegion] aathr egi on

of why Chré%g&é{rté 15 H:ré)é%f\ of ﬁlh& V\éﬁ r@/ﬁﬁ% {késﬁl tﬂ:ﬂ&l idh W& fﬂhﬂﬁ%\{gﬁ-éiatwé%me

alternat)ve arran ow system controlled
expansi ofts Yelegityin dHPRRIG at | east by and within the die cavity, is not
suitable for all die cavity shapes. Also, attainnment of such region is

dependenpyp RRAINg RdichRY¥ndi, MARtdtRnfsht bNE viscous or semi-solid state, filling of the

die cavity proceeds progressively by semi-solid fronts of metal moving away from a gate

30 or other site of injection. This form of filling with magnesium alloy is a major departure
from the highly complex liquid peripheral fill, followed by back-filling, encountered with
die casting of aluminium or zinc alloys and first described by Frommer in 1932 (see the
reference text “Die Casting” by H.H. Doehler published 1991 by McGraw-Hill Publishing,
Inc.

35
In the first form of the invention, the flow of magnesium alloy from the runner is via at
least one controlled expansion region of the metal flow system in which region the metal
flow is able to spread laterally, with respect to its direction of injection, with a
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PCT/ AU98/ 00987 netal enters the cavity relative to adjacent surfaces of the
cavity. In general, the surfaces need to all ow expansion while controlling
it, so as to function in the cavity in a manner simlar to a gate providing
control | ed expansion. As such, a controlled expansion region defined by the
cavity can be regarded as a pseudo gate and, in 5 general, HE!) APReppce in
the following to a gate is to be understood as covering both an actual gate
and such pseud¥®O§Hisess However, the die cavity surfaces whi PETA&PE887a
pseudo gate, through which netal flows on entering the cavity, usually wll

not contai Irl'aglnfaan e@‘t%t idhed ﬂé\hqu%CItyatleFalﬂg(HU\ S mih@lruw:[ A ag&%gédmh as

on three sides Is erred. 1o A contr xpa sion region
achi eved byareansamepg tm epnimiied expansiers cedion of s flewctysiem towntisdasea efatect i ve

cross- secti g, g g GHIRRES AR 1nd furlrr RS SEUiCtaliiat 1] By GROLEGL | ed

expansi on regi on progreSS|veI ses In cross-sec tion
of metal flavangbmeet htheugite aﬁhusnne\r\km suththabapaffective cress-sectiosaldeéa ned by

15 b
i un or Jou? Bisdhar 1, b PRI GAT Bes A HRRaRRIOTH B AL IH chlob F08 e
i nvention imnAgpWherRBY end enclibh dtal ks a:hewi)l@rthmgﬁmhéieﬁélaﬁbeﬁosilsécml ng.

I n each case, the inventjon enabl ei% )?/ %AJ t| al casb savi ngs_in the
product i on ¥PaChdpwrifeough the ruaRghEbIcKxCeRds; Ify ?Q’té(ttBEPulg t!B? ORIS oThIS ias i t

enabl es a sghwtaANbicBlirentTRESHABRIYG dricticBe casting yield. Hence the weight of
runner/sprue netal which needs to be recycled and re-processed is

substantially reduced) a nmatter of particular relevance in the casting of

magnesi ygn dMthPpFe‘f@re%%r?ad@%ﬁ@ﬁf’abd%r&nﬁg S RECHSE Bm G hdNFvdmibA thb! QYsssySt em
provided by the invention, "and used in a casting process according to the

i nventi on, seatianal yareasoflowstheavoh Ahe gatpmirip@bly axgeedsdhe QﬁPCtIYGLF}r@ISSp%CIIOIW t ool
whi ch deflngsa fnawqgrohgﬁ 4 fnféiplah ew@@@.ﬁ\g@éwb&howmeta&@#n the

pressure cavity moul ies, It ma y co-operating parts or

tools. 30 Ttmgeyoéalmutﬁﬂ toMel.i nventi on nay be adapted for use in pressure

casting with a given machine. At |east where this is the case in the system

and process of the invention, the velocity of nolten nmetal through the

runner iis pTié effedlivy cbsgbctibhfl arks of fidaw thedugb the nunBeiBB3aY PidVail hirttigholRhke 26)

(ROAY) full longitudinai extent of the runner. However, the effective area may prevail over only
part of that longitudinal extent. Thus, in the latter case, there may be a larger cross-
sectional area of flow through the runner up-stream from the part of its longitudinal
extent in which the effective cross-sectional area of flow prevails.

20
in an alternative arrangement according to the first form of the invention, the controlled
expansion region is defined at least in part by and within the cavity, by surfaces defining
the cavity adjacent to the site at which the metal enters the cavity. in this alternative
arrangement, there may be an in gate at that site, through which metal flows from the

25 runner to the cavity. In that case, the gate need not define a controlled expansion
region due to it having a larger effective cross-section than the runner, and the gate
may simply comprise the outlet end of the runner at the cavity. However, the gate may
define part of a controlled expansion region of which a further part is defined by and
within the die cavity.

30
The alternative arrangement, in which the metal flow system has a controlled expansion
region, defined at least by and within the die cavity, 1s not suitable for all die cavity

shapes. Also, attainment of such region is dependent upon the flow direction as the

SUBSTITUTE SHEET (Rule 26) (RO/AU)



0 9 AP R Z02 WD 99/ 2806S PCT/ AU98/ 00987 j. this velocity is possible, such
as within the range of about 140 to 165 nmls. However, the velocity need not
prevail through the full length of the runner, although this is preferred
in at |least sone forns of the invention. Rather, it is sufficient if the
velocity is attained over part of the length of the runner which has a

| esser effective cross-section 5 than exists over other par pg ?ﬁﬁtgﬁP

| ength. The velocity of the flow of nolten nmetal through the c r of‘f“ed
expansi on regi W %@86He about 25 to 50% | ess than the fl ow RdTraegbtnshe
runner. In many instances, it is found that the nmetal velocity through the
expansi on region.is . very close to twp-thirds of that in |0 the runner.
Thoe. i e Eies (S iohult (e dpottiaceh Sfifarts iRt calie  h Bengiely e

vel ocity psefeesahbyd tealosipahéion Whie cdritrdliing itf 66 @g @ fugctidniiatiee cavityed ar ence
to an effective cross-sectional area of fIOM/through t he expansi on region

and t hr ougMaPRY FITHRELC 293l HOWRIRG rerBlRltede CRPSIPEal ASr $E1 % SRRYGISAA

area of 1 hexsrBiRASegdn’ ®INBA byNHel AN tan BRI BglidBli 43Ch i fRBudS ghfEPaRd, 3Rt . as
reflected by the inrtial experinents of the first series of experinents
out | i nedl | g¢naralnareierencen e felipwingto a9peris feRe §ndrrplood §A FQYerEY bath 18| ar ge

runners angdogatfste dnf ek YA Gatyl tlll'bv&éﬁr.%% Qe @é\{l)t? ReFhcdd WL Gt

casting magnesium alloys and simlar to practice f casting alumnium and
zi nc al | oyBseurRegaietthepugh mdighpaetal fliows ereentgringthe Gavity aistallyswillingt conthin

experi ment V\ﬁ&d”t ] L ndr i egl / r ectional
area than tﬁ}?e es%%g%%p%ygaﬁhg@c%@q@lgg"g ?ﬁ(}ﬁ@]ﬁ %zatr égmo% Et%deﬂ}rgé]%ch% l%The
much snual | preferresa of the fl ow regi on conprised a sonewhat centralised core
i n whi the nolten netal flowed through the runners, and which was within
a sleeve of at least partially solidified nmetal of substantial wall

t hi ckness. AFcont@lied \exparigiom eggioT oy BH askietedbala aharp, stepaviss txseasecini onal
area of the flaow rz\%ﬁon was Ia}rﬁer when .t he {;’i e was th. The, 1 el e}/an%e of
the di stinEPPBRCHPRNCBLPGETRCYR LITECULOF MEIHENT s HYERENJh i PRI
through a rhannes coaneliddnexpantionl region GredresebC imefssée o icaisslsettiorrin the | ess
pronounced 30 .jn a rung'er of thhe metTaI fl ow system of the i,ngenti %g than in
the prior Sirectigagf mstal fipyderethioughy Thps, where Hiegxpgnsian fegion dhdeftied yiay t o

t he i nvignt ieal g4te, tﬁb%até“ﬁ‘efé?ébl@#i&ré&@e§hhb¢§bﬁ3§écﬁbrﬁ 16 & higXinilah eebsdRattidns, 1N
the limti n% situation, the runner can have a SUBSTI TUTE SHEET (Rul e 261

(RO AU)  @herethe gatoermmygicates Wb He diegavilyos/ 00987 -6rel ativel y smal |
desi gned cross-sectional area which substantially defines the effective

cross-sectional area of flow through the runner. To facilitate attainment
of this sitlbativntionis appdeatisin qither hatfchamber emgpidichamhas dlier eastieg. &t each

hot - chanber., sy $hERVERNorPEn ARl V! substantial cost savings in the production of castings
20 of magnesium, as illustrated later herein, as it enables a substantial improvement in the

casting yield. Hence the weight of runner/sprue metal which needs to be recycled and

re-processed is substantially reduced, a matter of particular relevance in the casting of

magnesium due to the care needed in re-processing.

25 The metal flow system provided by the invention, and used in a casting process
according to the invention, usually is substantially provided by a die or mould part or
tool which defines part of the die cavity. However, as with conventional pressure cavity

moulds and dies, it may be defined by co-operating parts or tools.
30 The system of the invention may be adapted for use in pressure casting with a given

machine. At least where this is the case in the system and process of the invention, the

velocity of moiten metal through the runner is preferably about 150 m/s. Variation in
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by a menber fornmed of a suitable ceram c material which enabl es nmai nt enance
of 5 tenperature cycle inhibiting the solidification of netal on surfaces
of the menber which define the runner. Alternatively, such upstream part of
the Il ength of the runner of a hotchanber, or for a col d-chanber) system nmay
be defined by a nenber adapted for the circulation of a heat exchange
fluid, or by the use of an electric heating device, to enaQig ggkeaﬁzance
of such tenperature cycle. 10 The prior practices have nece ar ge
runner syst ens™P@HSS i n general, have runners of |arger crrgss®eebdON t han
their gate, that is, the converse of thaI enabl ed by the invention with

respect to t.he cross-sectjons of t ner 0 ex si on
region. As "4 ¥6le€i qﬁé??éé'tb‘et‘ FESN ARV Bﬁlpéﬁ%ﬁ@& 9 r?bgu{]i"{oa{ % (/"/Slpaga‘@e‘tﬁjant ity
of 15 runnemé SBlod®y ABk@Inot Prevail @hioagh ARG fuN@ngihdof thenemnehi Bhowdds s iid)
recycling and re processing the runner/sprue netal. The prior practices

general |y IPASfETRdE\Atieant same dormsr 9 \ﬁ‘éeWaIRqﬂher kisssfficiont ¥ g, vshoaity ds

wei ght of td&%m@é%éﬁﬂar@@ﬂth@‘(&fgt#@ﬂ%'ru%n%?W?ndﬂw%Tsad"'I%%er eﬁ@&?ve'c?osstééﬁtlon
quantity of runner/sprue net can reater than that of the casting. 2a

In cont raastth@'bewéomrcdheranaﬂsmfﬁ@tleragé% t he present invention enables the
quantity of runner/sprue netal to be substantially reduced, such as to |ess
t han 30% of the casting weight for col d-chanber nachines. In nany

i nst ances, Thervelacity af thg flaivtdi nimiten credatiteroughnthiei ceptrolledexpansiamregion reaalid es

e SVl o€ VLSR5 e ol gl 0 B P B

exanpl e as as a en’ as was a f col
provi des a tbbtghé hetal ivelopityathiroweshl théd expmmision region & velneclogesto twb-thumspufdjmm| ng

I di nqgl ! N i i I
e’ quali i D8 Brner i iais: SR BeuirYeloEt §Eonp R Al B e lene SRR, °°
di rect resurbferdbly iechbelit 00 M. t he desi gned cross-section of the runner,

with a further reduction being possible by reduction in runner |ength. The
desi gned cross section can be reduced so that it substantially corresponds

to the effaﬁtthe/ﬁarf% , 1R B refbBRcsStdERT effédiivé erod6seltPalrdfea of QoW txoligiR 2002
VWO 991 28065 PCT/ AUBS8/ 0987 section of flow through the runner. However, the

ef fective clfBsaxpapden Jagispr gndothrousdather wpaeY as| ‘é‘ﬁ@‘%rﬁ'loy‘ ihe physical [gE0ssengt h
of the W””@ercttoﬁél'%tﬂe@%f ﬁ*eogﬂpa%sﬁhr}%loﬁaefnt‘j r‘i&f’lnérheﬂl\u@'Eﬁlattlhctlaf‘tI 8 Qmpbtghtpas t of

the length of the runner which is solid din a casting operation is able
to be short@ﬂ%@e%MSMnmitﬁl Ieypefﬂ'@?fﬁfclﬁ?fé%ﬂ@tfﬁ?ﬂﬁﬁ&f expefireents rputlined Hates

quantity ofy Ot%rﬂlﬂneﬁ ﬁg ?érrmeIE&?m@F@%@r’fﬁucléﬂV@m 'lé?ge M€ Sinli Ntes, in

attai nnent [ rrpor enefits beyond that of redu€ing re-processing
costs. Thes@cqonianlelwth tee griorf art bhest prangbice fasreating magnrsiune playsdnd similar to

practice for casting aluminium and zinc alloys. The actual flow path in the runners in

20 those initial experiments was through a cylindrical region much smaller in cross-
sectional area than the designed physical cross-sectional area of the runners. The
much smaller area of the flow region comprised a somewhat centralised core in which
the molten metal flowed through the runners, and which was within a sleeve of at least
partially solidified metal of substantial wall thickness. For a given runner cross-

25  sectional area, the cross-sectional area of the flow region was larger when the die was
hot.

The relevance of the distinction drawn between an effective flow cross-sectional area
through a runner, and the actual or designed cross-sectiona! area, is less pronounced
30 in a runner of the metal flow system of the invention than in the prior art best practice.
Indeed, in a limiting situation according to the invention, the distinction can be

substantially eliminated That is, in the limiting situation, the runner can have a
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paranmeters of casting porosity and surface finish. Relative to die castings
of alumniumI| O or zinc alloys, castings of magnesium produced by prior art
practices usually have an inferior surface finish, frequently attributable
to porosity at or near the casting surface. However) the present invention
enabl es casting porosity to be substantially reduced and al so enabl es the
attai nnent of a uniformsurface finish of good quality. 1504 RRO0X act or
in reducing the quantity of runner/sprue netal, reducing porosity and

i mprovi ng sur Y8714 sh is believed to be the attainment @CTHYES/RA7t en
netal flow velocities enabled by the invention. Wth such velocities, it is
bel i eved that_. art froma regiaon of t Le.cavi .afd] nt .to rhe
controlled @E?;S'?ﬁ% iSB’W" rdgﬁ'PB?‘ld, c §'§FCtPP8 ?%qf%cg %:63{%3@& @é\fﬁgs (ﬁrbeeeff%c(??’ﬁe

nol t en net atrobesdiiondl ateavdffloattarosigatie. ruiiars Tolfacilitatewtiamniene offings ditaatish, 20 of

a sem-solid front fill wth the rcenta olids in the fl ow ng, netal
emmi i ng. r&h HestREm e Aba el of g EMT g Tk COTEOT D M deines
filling of bhe eambbyfAPEETa boitabiedeeamidyhaseiai whithi ehdbi@NhaintdNEn8 way
fromthe controlled expansion region, in contrast to the highly conplex
peri pheral temnAeraivg yelerayRiling g SQHQ!&?H'P%PE’@GW P SERGES 1Y) st MEMBAT whighh or
zinc all OySder)&;é tﬂ@%nh@ﬂeﬂfér%ivél?hﬂﬁ:h@pkﬁébnh‘Bél‘?bf‘thb%mSﬂthefﬂu%err%f‘ ol

experiments. first series of e experinents were ained at providing a
better undefhambedi ordond coldehambRaBYHANITaY Podeiied byod membes #0pplgd dor the

magnesi um al; : ChilC 2X i I t her

i npr ovenent é‘kt{a?'gﬂr%?:acgééti ‘%ch}s‘%n%ehngmgborgﬁg* :t?f/‘en Fievgfgg(i%ﬁtgc @ggggn?%%éé\h 0 by
changi ng anenahie swinter@hté otsuchdempsretuceatycsar anet ers for specific castings
SUBSTI TUTE SHEET( Rote 26) (RO AU) Q9 AP ~ 2Q(1 WD 991 28065

PCT/ AQS8/ 00987 -S Sone of the initial experinents of that first series used
the "short Shetptiot prasticeusaveoner@ssitatatdarget eunden gystéms Iwehidh, dnv geaetakrirave

ne: cavi Ly VR ol Ry Brotbued T 1AL foist Mol B e oonlfep o e AP B,V "

f1 ow patt er thewagentibh with respecstecthe icrosgisectioms ofithenfunnermarid ¢orteiied expemsionngs.
Exam nation of the m crostructurﬁhsh wed that: .the ialéom{ ip t he ru&ner was
through a ciR9Mrit%e FRYRCGHEN T HNe¥deve repyited, s 8. ERtively large, uaRwy of

desi gnedsphygineabpris MRSl oF @S §iveR Wabliny and)i eneBShigh S®stoinetboylingesid ens of
the casting in which the fl ow was uni -giﬁre_cti onal . . the percent a%e sol i ds
in the magn®WNcERsing thy rwner/sRiye elel o dRBRiior Aradiices 9epe@indiave desliedning ar ge

dendrite ar MmRASHIEIMANRS iMRBRIRY IFBLY of tﬁ@%qi%ﬁtfwtﬁe BaSImb Tt VeR 10bodt e
magnesi um al | oy castings near the gate was different fromthat observed

f r om 50mm t oM MHAETCESMT balds.dhe guantifeofaangrsprusimetacan beoteatar thanibpt ¢fent s
seem t o suggasts gi.l;@t the nmetal had partially 15 solidified in the runner
and t hen behaveg as a sem-solid within the cavity, with attendant vi scous
behavi ol0. The first metal travelling along the runner (the front) appeared
to have ent LtV LEHAL St i plai n
the di 1 or ent carin 8 e ol Br bty s ofp VDR oreb] S, e adankrtr”
posi ti on acreverspree catalitnge stbstartially sadviced, sHchhas odess thaesi®%l ot thecastingf | ow

diti _ I i e )
tyl'e of rulthatt T BEL BT RS, b ol hibilec BEiEien7 YRR chibel®
resul t ed i n machinesahé ynvenfiimeradiesdise quegdity ofingmesspruampdaldb degedl betavethis

expected, i n,accqrdance with that ide I ar. and position
of poor ?urf‘%"@gq?ri Fie0HPIS BRiOYh 8% agg‘gstj[ ] ? :%g%{’? 3%0\%%%%8%%1%{&' r@%‘coglco%rﬁednge
25 to a si ngrevideapesighifdige piactdal bemefiersinpedbel cexd chre-protessing tecgaed mees tel t
when consi deri ngq%‘la{%g uality of the casting, but the product to

runner / spr uéF§ "BdHCeccept abl e. The general |evel of understanding
of the flow behaviour at this stage was extrenely |limted. However, what

was apparent_.is that magnesi um alloys behave significantly differently to
zinc and al uTrﬂenPrﬁﬁ?‘Hl"l“é?g‘g‘?” §Oatﬂe§§l‘%ﬂﬁar§‘2¥rPe@%%’%&‘ﬁeﬂ%ﬁ?i%‘ébsm'?%ed
out withsa nasiey 4fa didct Risamof Fdatiohd teRsdsidr@d theliseesor of the Yurrr, with

establish if the difference in behavi our was, due tci t hi xorﬂwr o(Joy_. SUBSTI TUTE
SHEET (Rul e azgy'themdg@j)on being possible by reduction in runner length. e designed cross-

section can be reduced so that it substantially corresponds to the effective cross-
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~ 9 A P.R 2002 WD 99/2S065 PCT/ AU98/ 00987 _g_ The experinments covered
various casting sizes ranging from1l5 grans to 15 kg and were carried out
on both hot and cold chamber nmachines. In one of the experinment with a very
| ong casting (approximtely 2m which conprised a series of ngﬂ? @@%
boxes, the casting was fed along the long edge in a cold chahb i ne.
Two Iarge S ru‘ﬁ’ﬂé?% 3%% om t he sprue fed | ong seni-tapered r§AEUS8/00p87 was
our contention that if the netal was in-a thixotropic state in the cavity
then it Sh%gét%nbé? fAQSth &{gﬁ thd Yenrle?, ‘Ho%@%ﬁs tH{Re&HdA% crtogs Eéétlontch%%%e'd”g
from one en rove t a section o previously cast runner was

repl aced i mprevad adnr\g orfyhpart of ﬂ@cltehsvtequ tfnﬂ wnerngswnfasr alengratrainoepart 9f the t hat
hal f of th it T r Y, n

bl ocked of ?e%ne%1sﬁugﬁé ?Eﬂhcgvtggelﬁ gl rﬁnﬁﬁ% IYSoc é%a t@@ucr ng
fl ow di st arupesatron i®ablests wf stortamed esubé'tlaetrzﬂlyow Mévermfurﬁ'er wductrcyn waEhe
extrerrely co Xx.and exhi bi t many changes in direction. However, with no
change i’n r‘f’é{'gﬁﬁ'tnﬁf%@f'??sr%%emﬁ one si ded feedi ng system produced a
casting, the quality of which was superior at its extrenes to those

produced with conplete runners. The significant change noted was an
i ncrease in %Pr&gg'\‘}emb%]t‘?? enpBleR et ?%%E‘Fe"é dMPREFN DL beyopd thal ples

wer e condugb@ebiyg fpracésfig ét&t528®hé%e2|5cmdelarﬂgnmdﬁt .hnr@ve&rmk in thetrebyrber
machi ne and fed with a tong thin runner and extrenely thin gates of 0.15 mm

deep. Thes @%@Pﬁﬁéﬁ@gﬂrgﬁﬁrféﬂwm&tsuﬁﬁ@ fiighe R@ativedadie ‘EﬂSB'&ﬂ@e‘éf aamn\ynhuch
of its l@n%rrtu’fc?&léb&'dégtrnd% &%ﬁgrﬁi&ﬁﬂnﬁ br‘:bdﬁ@e%tlbWBﬁor aW@raEﬁH%@QfsualW%

220 mm long in one direction, was reduced to an effective |ength of 100 nm
by wel di ng iafefiprigpriage ﬂiﬁrrshofr@mentibaﬁmmltattmweporosmeatr0é§arat ﬁ‘ﬁtcaég RG SytpcRas

totally filled I h tion
of the runner th?gtngﬁatr%]eni %%H;%gg&%@a&@g nsétIt eb% t blaé%m'ltn g}(alg'"gé;/y was
in an extr eans alsd embl/assibesttalymsnmf@ urtifoow surtage fi foamof godd qualitySi i | ar
castings in zinc or alum niumalloys would not exhibit this z5

characteristic. It should be noted that the nmachine exerted a pressure of
only 14135/PaA aomhrivae faﬂbain reducing ﬂnatdmntrtgwfof By EEsHruenTEte t iedgsing portsityeandy t he

best practlce use of .1 an th|n i abl t _large ctions of
Dhe oot et bV e bl i, 8RB e e PPt B8 o Sl arer s o
wer?e carri egbicditiesianablet & diee mf/%mmt Withssush Zzelscrtéén.lit éﬁbélreee'dlihb't Tagdré rrggtﬁ tT []J('IE'E
qua |ty In‘pI’OVGS en S an runners e readuce 1N Sl Z n

SHEET | Rul iS00 of G oty acbeapits T onipI Soneante MEnAeE! Joddrine de

netal vel OCbév}ty rsrtheetaw;SmoEérﬁﬁre@aberﬁ@ iro4 vrécwﬂrﬁ%faté?r P 168 GbivOiRThe a.arwwg
froml x 1 mmto 50 Xx froma nunber of casti ngs produced on bot h hot
e

and col d° ch‘afnﬁée”ﬂﬁem ﬁ@ﬁt ﬂr‘ NjBathedPerreniags selidscinatheeiving restplcAmaNiPRgi on.

Thi's char aCFe‘PJtN@IEI'&thth &mngammwf e claeny nfrhara@cmﬁhdoaf theecaqrty abﬁ@ars to
cross-secti onal cEI‘O il pr esurrptr on for his conditi on 1s it

defi nes t hePiosgg ﬁymer-éolrﬁbirammfm@wma@wav sfroamhengoréww ;ﬁXPWﬂ'%FﬁQ'qf‘s m
assumed 10 BenlReoqhd ﬁ@hr vc%nr‘ra DRSS! el Rk amnré?ééwrtﬁ%an

smal ler in cross secti zX ea t an t e runner channel as original Py cut
in the die, alminimfor gnc atidvseves a significantly higher velocity.

Cal cul atjgons, using neasured netal flow rates, result in values for runner
vel ocities which cluster around 150 msec, with gate velocities being 1o
appr oxi mat elfhe Mv@ntidrasas détaiidrchgrainrie bases matrgngeSDfrﬁwparimmtgi dnfirsteatiesedff ound
In castli ngsth%@)@l%ri%gﬁ{s%%g atfa Gt P%%Hr@;”@l:?(&elr%‘f\(deédn'dﬁybf%ﬁé nfen@ism
experinments I nvol'ved producing a rong thi ck casting through pro ressrvely
smal | er gat dowentd sotigificdtive off mggmediurg atieys. | Spetificallpdhe edpmimbrfts emugtﬁ td20mMm

of the. cast PREEANVRLE (RGI EREN P FFIH e eanaityas fovel Ll ARk o

front fidol, b@ndarﬁdﬁg peyerenhaging e pthysical paragheterk forrspaaifincasgngonst ant
t hroughout the part. Porosity was mninmal. 20 In order that the invention
may nore readily be understood reference nowis directed to
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t he acconpanying drawi ngs, in which: Figure 1 is a sectional view show ng
part of a die casting systemfor the production of door handl es of

magnesi um al | oy, according to the present invention; 25 Figure 2 is a view
of the systemtaken fromthe right hand side of Figure 1; gﬂt; m?zg%z
corresponds to“Figgére 1, but illustrates a prior art arrange ; Fi gure
4 is a schemat "€ P&Pfesentation of a cast door handle with PET{AHIBEE8T
runner/sprue netal; SUBSTITUE SHEET (Ry.e 26) (RO AU) 0 9 APR 20Q WO

991 28065 P@Unéé%ﬁfh%qﬁﬁnzn expBitHIsCornhtSnrdt %@gm@bqré e@foﬂwg-%amﬁ tPN
experinmental netal flow system Figures 6 and 7 illustrate turthe
ar r angenmentdg@ins yindgtsitanding aisthei flowheatteresentTheps eexpedments Fisylied iBAthe

s_chemat i Caliééﬁtih!:ét%ﬁtcff%ssflowgtgrni\ sI \iviﬂ‘gn ﬂfe E’aﬂg%rﬁa\\’gl&%ﬂﬂoﬁﬂ@eo@?tairéwop f
zinc or alumniumalloy, as traditionally understood; gure
schemnat i caldopr fihishi etvedenstheie Thel flowngptefn waeliuslikeaanyt seedun zing ot asitrhinignof

magnesi um al lsg% In use of the tPrecﬁ?tfnt i nv ntti ong tQ Eigures 9A to 9C
i | Tust rat e TRSUES SRANGS EXRRIo0 Gl MeymieraSTIERuE: SOYSANAY  unners, showi ng
|S: chemat ilga!-l ¥hd ﬂld|5w fame ruhee]:crwasaﬁroﬁgmai@n?m‘cali rtegioefrrﬁmtsmalevlarfihmsst@am{ ;

i gure is a plan view of a dish cast from nesi um al l oy.in accordance
ul oh the 15° MRIEIRBSHENRY goyeod nner Goeeed Bl TR a9 TS boied i SeFIGRS Bl qur o
10 and a di e th®@dsting HKRAicRthd AdMewad onflldireétidnegur e 10; 20 Figures 12 to 14
illustrate respective experinmental netal flow systens; Figure 15 is a

sectional Vi &0¢ drereeniage salids fy the emagnasiy Alipyrcastings; (3 sepwnsthatedi be, for

use in jfe prd%ﬁél’i‘ﬂe?Wﬂﬁ%?é@@hdrﬁé‘grn??pdar@)'%s%@pﬂoﬁinﬁaitéﬂl bgw, to Figure 15, but
illustrates a nodified, Farger casting able to be made with the die of
Fi gure 15, wudhsficrostoicture ivhiisemagnashimalloy castings near the gate was different from

that observed from 50mm to 300mm from the gate.

The results of these initial experiments seem to suggest that the metal had partially
15 solidified in the runner and then behaved as a semi-solid within the cavity, with
attendant viscous behaviour. The first metal travelling along the runner (the front)
appeared to have entered the cavity in a liquid state and hence this could explain the
different microstructures obtained and the substantially common position across the
casting of the transition between these different flow conditions.
20
In later experiments of the first series, changes to the style of runners and gating within -
the traditional gating philosophy resuited in marginally improved castings, whereas
large changes were expected in accordance with that philosophy. However, the area
and position of poor surface finish remained substantially unchanged. A radical change
25  to a single taper tangential runner produced an extremely good resuit when considering
the quality of the casting, but the product to runner/sprue ratio was not acceptable. The
general level of understanding of the flow behaviour at this stage was extremely limited.
However, what was apparent is that magnesium alloys behave significantly differently
to zinc and aluminium alloys.
30
A second series of expenments was carried out with a number of different dies and

casting machines to try to establish if the difference in behaviour was due to thixotropy.
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In the system 10 of Figures 1 and 2, there is shown a die 12 which defines
a nunber of radially disposed cavities 14 (of which only one is shown) in
each of which a respective 30 door handle) sonewhat of the form shown in
Figure 4, is able to be cast. Die 12 has a fixed part 16 amd) s\provaml e part
17 and is shown in its closed condition, but its parts 16,17 are able to
separate on palPPHY%% ne P. A plug 20 incorporated in die BSFAUB0MIS
SUBSTI TUTE SHEET (Rul e 26) (RO AU) ~.9. APR 2Q02 WD 991 28065

PCTI AU98/ 0918 éxp ér%?é?mt&b@@trédmarmu@ c3a§tu$d kigad kah oAU o 5t Granrfi tB; 15Pkd) aﬂr@ and

at | east one further pin (not shown) being extendi ble for eLectr ng

casting atwefeecaried gt @ra@ﬁthdm;ra@ﬂm@i @Wﬂ@r ngehinesd e @nglaig Q@)@Qﬂ%ﬂf}bart 16
i ncludes a ';%h\fe%iiong firP4 elwwmﬁrar kb frgse\ﬁ‘at? mesof Ypef \dnaed:

Wi | e bush |s rra a s_urt ste such 'as uséd fo
parts 16, boxesf thei aastlrm wes @g\eéormhpmrgead@bluyarcgldmdmbgr machiag.eilivallargé

rel atrvely t I r | rconi a
or othef sﬂljrnt%gf) fg&égfe arﬁ%@g#%h%#'ﬁ'ég n S (F)E;jl | }‘Vgl" °§o @tlghz%giéhﬁre of
conpl enment a'reyal fwasdn ra-tm@mcrmd stfaterrmthdz Oavitydinen kebbmdabe poesiblef thad to visdohsdi e 12
cl osed, pl n ush chi eve al._between contacting .opposed end
sur f aces. Hg ef H t e a5 ﬁ?mé’@g 6‘? S\eouﬁroﬁ)hﬁ%ﬁ °3'°5 f g\@?‘l‘ X oove
21 for eackurtierwagvégiacetidn tivé &ib, thus effecively bicking omrgaeaneta@nmyttb thidiaftnd of
bush 22 to g?\ﬁ,: ne.a runner 26 for I hat c

vity 14. The rynner. 26
communi cat 85NNty hEhesefgre: anyimetq| ig the gay éaﬂé’e"ﬁé" EsRIaiEn; Aunpen st n
bore 22g ohaldigherd)fréth wenb’r‘dbke@fsrdéeémauaﬁg fowv Histatces i ekatdk iofh| vetperal | er
cross-section. Al'so, the outer end of bush 22 defjnes an outwardl y-flared

enl ar germent! hgtfloopath Jp dhe cavitynwas exirergely foamisreRnd Gxhibited Mapy chand®s ins wi | |
be appr eci %R@&ron”%e@er?’%tﬁ%Brﬂﬁaﬁ%bo%mgoﬁﬁﬂfgsath@%%%"t%"fle@th@Qg{tem

arrangenent (not 20 shown) t - chanber die-casting syste
mol t en magREasiuged Ia§a§mgefﬂecﬂtl§bw|0rﬁ}ﬂ’é@hé@5tsh'%ﬂ$§ﬁt Boexrerags tpdhwrm}ucgd vr a

runner 26 gpf g E‘rtpf'etr—.zﬁmn%%aﬁ@g%‘gﬂmcgﬁl cﬂgﬁé’e fAsd Wad aﬁ}fﬁré%s\é‘rﬁ H\feiah?elgcrte/k

ar r angenent of I gures I'nfected magnesiumis solidiftied
the innér end of bore 24a of sleeve 24. Thus, on 2s rel ease of the castr ng

pressure d%ﬁigﬂgoé Qﬁ(p% Krﬁénef? P{@ hﬁrﬁ %eﬂgg \?Lrlr_a: c%n?%ét&gwm\’a cagtn'@%m 2 qlanSO

from bore angernen ures he eng ol each
runner 26 insadebihe Smalbbotacham’uerrmachmbsand fedawnhrajlnngrthm $ura1ﬂr@nﬁcexhemelya

e e T oL 8% R - 2ol e 3 R o bleuat sl v

blocked along much of its length resultrng in poor quality castings. The runner, which

20 was 220 mm long in one direction, was reduced to an effective length of 100 mm by
welding a plug 10 mm long into the runner. The resuitant casting was totally filled and
metal flowed from the cavity into the unblocked portion of the runner through the 0.15
gate. This demonstrated that the alloy was in an extremely low viscosity state
throughout cavity fill. Similar castings in zinc or aluminium alioys would not exhibit this

25 characteristic. It should be noted that the machine exerted a pressure of only 14 MPa
on the metal.

Examination of magnesium castings produced by the best practice use of long thin
gates invariably show that large sections of the gate in fact are not working.

30
Further experiments of a fourth series were carried out in a range of castings sizes, but

all exhibited that the quality improves when gates and runners are reduced in size and
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of each.runner 26 is defined by parts 16, 17 of die 12. Over the |l ength of
that portion, the runner 26 progressively reduces in depth, but increases
in wdth, such that gate 28 SUBSTI TUTE SHEET (Rul e 26) (RO AU) 09 APR
z002 WD 991 28065 PCT1AW98/ 00987 -13is of narrow el ongate fog IA?EI z@?

| arger cross-section than the part of the |length of the runfer T ned
bet ween plug 2WO2W&%ush 22. In use with the arrangenent ofPOFAYS¥®E871 and
2) heat energy extraction far solidificgiion 5 of runner/sprue netal is by
conducti on o] I

rel ativel yn]i %B’?r&:ﬁn%? ??%%% é)r(r%[]ﬁatc?:or%o%fsh@"eegtcr%’ﬁ%gf%gn%@mggé IS xs1u"érﬁ t hat
circul ati oto 60 m&@hmnﬁrohoaaumuwe:fsaabtmgsfpromczedmmhqthnmt dnd codrbelsambgr

However, despite the relativ hor t n h t he
ol i 1y SR aeAiSq B R 15 bl Biulhr Shoibiin tBls GrahsC BREBerln’ o
able to be appweabe@hfhysmtdwby trhetdrrgmrtgossf-éeeumnabbrdfre tTe psresumptmndér Wi ch
sleeve 24 is

r al ran rrent ures .and h that
in the éastcpﬂgi sntﬁﬁwégfeﬁ?ﬁs t%f’dﬁg'ﬂ% F@smﬁg\/iﬂ gc%glcélﬂpg (9‘?"'%@5? ‘g@ gm
the | engt h 386mEd R5e the elb&iveTowasdy- sreum"rﬁrae?&uwtrﬁm@dnh@&mbrr@ iflbrdBé-i ty of
runnerl sprue metal {for two sinultaneous|ly cast handles) is able to be

reduced t o Sgplinngl regthantthe pingigr ehannebas idnaiv sutde ther dig rpet@bﬂqw riveves a put

shows det aidigrficady RERERGSERD! (':élc@é?tfb%d@é"ﬁcfni%&he@rrhéiél v raﬂé@%brﬂ?m I'n
Figure 3, corrpone ts corresponding to those of Figures 1 and have the

sanme ref er eiies fermunesr vslagiies odich glusterearayid b mésee. with B?Wcztlesmeu@ 120
h frqst Ji
as a 1{4s ébgr X ectérg FPIHAE oPind r&%@é@ V%'C%Za e égibnaac%hfbelfﬂaénd {Ju gsﬁngs e

120 cl osed Into tapere ore ush 122. Piug

grooves 12Mhmﬂrs@tsmr-élr€mlmmldlnw with bush 122) define runners 126. Pl ug
120 al so has a duct 40 fornmed therein for the circulation of cool ant, such
as water, while bush has a peripheral groove 42 fornmed therearound, wth
groove 42 chviifthedebgs aafsé:qmnmams timwoﬂeﬂi pdacifgir 8 hleng dinick 48stingr through

Cimilar o WRgEFae0 SoPIE; geoctops” ABLORID e el R el HRHE 1 o,

to be i ect20ehrh ttr&ugrarmhe céa&@;: ra’nan@d bwmepta})lkl?:ﬁaht&nMlcmtexamirfgtrcramtyh
114 vi a gat coolant 1S C e rou
Soat o 0% 4Be Chgings SraneY el 1Re ey as oBraeRRID Bt sotd Bon fut e oot

30 section gércditige 4@, dipgVREFeriditing XpAstast Phedughot thecsary.i rﬂbrdimtly wada and
the flared outer end for receiving the nozzle of a die-casting system

SUBSTI Ti TI * Eingpal_g7 (Rule 26) (RO AU 0 9 APR 2002 WD 991 28065
PCTI AU981 00987 -1 4

20 In order that the invention may more readily be understood reference now is directed to

the accompanying drawings, in which:
Figure 1 is a sectional view showing part of a die casting system for the production of
door handles of magnesium alloy, according to the present invention,
25
Figure 2 is a view of the system taken from the right hand side of Figure 1;

Figure 3 corresponds to Figure 1, but illustrates a prior art arrangement;

30 Figure 4 is a schematic representation of a cast door handle with attached runner/sprue

metal;
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Wth the poor art arrangenent of Fi'gure 3, runners 126 are not only I|onger,
but also of larger cross-section. As indicated, this is to avoid a
perceived risk of premature freezing of | ow heat capacity magnesi um al | oy.
In case of that arrangenment in the casting of door handles 9f9 ?PfW?@zand
wei ght the sane as that of the handles referred 5 to in respect of Figures
1 and 2, the W¥OJAE8%Y runnerlsprue netal is about 30gm TH4/AUS8/0098 ti mes
the quantity of nmetal needing to be recycled with the arrangenent of
Figures 1 & Is : j t j i .3. Figure 4
shows sche%r{%gllfigg&%’%&ﬁg%ﬂ&t gv?/tﬁ gg%ﬁ@%ﬁ‘ﬁ%ﬁ??ﬁﬁ%&%s rel eased to
fromits die cavity and still having attached thereto its runnerl sprue

oneof the T eEF 37 3RsRe T aFnectodtT SR e Tof BB 1 RS inits The”

casting other is not shown. The runner of the netal flow system as

originally for , _had esjgned cross-sectian is. hgving an area of 50m®
and corres Mﬁg‘ f‘f{'e@?g‘é?qlrﬁh&ﬁ?geﬁitf‘%%ﬁ'ggt & &Srcr?f’"ty g‘tﬂ%"ﬁc?%‘”&i A YC and
descri bed laniminiufediRlyNas thsditichapyirth@fdtodd:om Fi gure 9C, the designed
cross-section of the runner is that of a regular trapezium wth such
cross-section existing throughout the length of the runner. 20 A sixth

experi ment migire 3BMRAembtidally MGstFzAéd 18 filliRG o4 BRGavief dufingwyﬁwg{]c_&f%@@smﬁ
di stance magnesium al | oy woul d travel during casting. For this there was
created a rA@P¥in YseRithyrresent &vastiddiown in Figure 5, consisting of a channel
C provigyng a netal flow path ending in a standard tensile bar inpression
B. The channel C had a nomi nal crosssection of 4x4 nmand a length of 1230
mm 25 CastRigiyes PAdp SCvikustrateatheiceesscectionat epnfigeratiyns ektypisalotinmrgushowdlg on a
250 tonne C&hgmﬁﬁk@ﬂggﬁ Ak 1HedRbds! cﬁ&?@i@%ﬁe&&ﬁ.ﬂﬁv'cﬂhﬁnéﬁfre conduct ed under
condi [ e di

nor mal operating tirons for the nachine, et e tenperature was
only about 120C. As will be appreciated fromFigure 5, the path of channel

i 3, 11 ow PSRN RA bl ey EA Kbl i edrBSt R ARG ol HRE R,

enabl i ngs fiihtemignof the bar inpression B to commence. The flow | ength of
1230 nmis considered not to be a limt. However, it is contrasted with an
observed SUBSTI TUTE 51 -i EET (Rule 26) (RO AU) 0 9 APR 20D2 WD 99/ 28065
PCT/ AU98/ 00Gifare- 1156 laseclidtiag ViBwrod xiadish of Fighreultd afdta dietoksl siagae dn e XI-XI
accordance grfth conventional practice and resulting in a runner
Cross-secti '%PQOmJCh | arger than 4x4 mm. 5 A seventh series of
experinments was carried out, with door handl e castings 60 of Figure 4, to
determ ne the m ninum size of runners and gates able to produce sal eabl e
castingg? Tﬁ'@”@iﬂ@rt?r%H'l“éﬁra'@é?sﬁﬁﬁt'V@cﬁi‘QP%‘T‘%'%a‘dT"?ta'f@@’ﬁyé ‘Frech Hot Chanber
Machine with a nelting furnace connected to the holding furnace via a

si phon pipe. This neant a consistent netal tenperature. to D eMac shot
noni t ori ng Ei@Yteeth ian sertigaalevigy ghadlie eRsiipg ditcttitable forp het-eRambal Trcdinsyr e.
Two thermcwg%gmthg %@%ntfihmo&aénﬁ of the die, both 7nmfromthe

i npression surface a Onmm and 80mm fromthe gate into the casting cavity.
Chart recorder to display the tenperatures with tinme. 15 Contact

t her nocqupl ; r@ggmt- ; : | g4 Lal

t enper a? 5r e?%g};]egg? ?E'Eﬂﬁﬁ"nggﬁféppé t g@%trértggﬁﬁvgéuﬁ% 't'%’?g{ ?%sr%@ E?a g%t EJeB%i e
and pr epar atviada with thendieof Eigiitee! 5, akinp wi aoty-ehepiber maphige.of t he seventh series
were carried out all with a gate velocity 20 of about 100 m's: 1 ) Feeding
in the end of the casting 60 with a 2x1 nm gate gave resultant castings
whi ch wer e oftheegstemaldl of FigLaes 1 pnd @t thet is shdwablde. 12Twhick defireesaanoumbberrodr

. > ) ) o
section wer g ol e oSS EARR AhIThig WAl 3RS idshoWhTin“dith! il Wi e Peth Sl -
30 door handie, somewhat of the form shown in Figure 4, is able to be cast. Die 12 has a

fixed part 16 and a movable part 17 and is shown in its closed condition, but its parts

16,17 are able to separate on parting line P. A plug 20 incorporated in die part 17 has
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2) Feeding in the end of the casting with a 7x2mm gate gave castings which
were 25 of high quality and saleable. Sol dering was observed in one area
and this was overcone by the addition of a cooling fountain in the area
which had the effect of reducing the die tenperature. Secti Q@ AQRt pgy2r unner
revealed a cylindrical flow pattern (described herein with reference to
Figure 9C) whi¥R*¥Y¥EMSesented a real runner vel ocity in thePEFAE?8987150
mMs. If then the effective diameter of the 3o runner was reduced to
appr oxi mat el yo: 300 (4 i i t I
section) t%h |]nsertp|t"tc])r11§oﬁ\tﬂgémg nﬁé&ﬁte@btﬁgerrF%|?1§%Hdét6{§r£estté):ﬁgsfﬁ ggrﬁlé'\q/% no

ef fect on 1Sh@NmJ)dmImgqxtmfdrblﬂé:r@mtlmmgcamg@etm gyaraf ea¢h apafatmgenyclwas taken to
provi de a segnment 64 and a hole 64a of 3nmdianmeter was drilled through it
SUBSTLITTTTE SHEET (Rule 26) (RO AU) 0 9 APR 20Q@2 WD 991 28065

PCT/ AU98/ 0@pdsed tbopie® 20.dik pa:pneatmmea aBushd2atretere P2oof whien keined Wig

oo 643 f G URRYeE e it PUsh el /n gl 295 7 ok Bh ah N G\ RS SRt o

reduced cr @afs srectwqrr dig Mhisfdavé hza srbferstly Vsﬁ‘nfah@%f@c mm;rral ohedliatively low
cross-sectional area of not nore than about Also 5 within this

exper i nent tRermghepndugtivityrmch a§rﬁ’éft'§"3(/\i4?@“iﬁd(iﬂ'(§€'@ﬂ°b9thP'e§i-l}éP'ﬁ§ef%C -amount of
nmetal into the cavity. The short shots frominsufficient netal appeared to
conprise a _skin section which my be due to netal inpingenent. This, due
the hi gh gdhe agiacest endsosf q@@2ﬁra§ddw§h @2rase f complementann Bksta-conigal; farrar
sem -sof4 d ) r r d

navi ng S ammehiings s sufp dRaG in G2 odeR, BRACE0 M DISh 22 n e RNERY ol
gate. The d’@MQQﬁ\gCMECf@D orsloged e ysunfages. qd‘szWQV?r vihe reﬂdowrfa@ecﬁr plyg 29

det er m ned n 0. f t hest
fromthe gaeﬁﬁésgugg tegfc}}et D?\gt%ﬁm?legévﬁﬁ%e;%%)ﬂave een dgb turbed&?ergﬁ”

rel ativel y vitmathe end eftbusi 22stovdafine aa rare@r @6t fof dhatecayltytid. 1Bhevirgrimen &6mal
producti on ween . eac ne_t. e tenperature. It was believed
that the sk ﬁﬁ”%‘ﬁ%’“ﬁﬂb&gﬁw& '?ﬁéagfpﬁ'r?ddr aneter hole could have
contribiwted to the defects. The pressure required to push the fetal through

4 1na T ERERRER SR bore Z5p ah b 3% Aere A GRS bR GoR oAb &

3x3mm chanrsehaueuhrdsais@cm\e Figde te Duieh shEt Sdbiish az Hefnes eﬁtcﬁxtwa'FBI‘?-fratEmer
pi ece had a transverse cross-secti on as shown at ,?V\A'Ht ?tag hannel

depi ct ed atentgementeof Rore 228, 4o Sneblesits. epgpasmant P ef8 WEke

relieved S%p%%diéied)rrﬂﬁﬂl%ead RS ra‘ﬁséﬁér%%eoft@gb&%n@bﬂmn&?%r@ﬁgéméﬂ @egel ity
was extrenely good and of 25 saleable quality gr essure required to

drive tHe n%‘PA’P)Pﬁ?d\?&}ﬁhqfﬂ@fﬂm‘?ﬂ!ﬁﬁ'“&ﬁﬁwﬁtw ‘t"Piéh E‘&U V‘ap'ﬂﬁ,ﬁ'%w'%@ be
appr oxi mat ghjctdd YArBNGH boerABlto CQ'Q? 16 418 Ainnaf Z@aﬁéi?étbr?@. produced using the
runner insert was sectioned and appeared that the netal had fl owed
t hrough the section with mnimal solidification along the walls of its

'n the gat cobroTDs o < Oy G B G iao Rt SES Bined b 2 el o

2Q ~: ~ \Aodggamw RCSpinifieg) ppRaw the Inrey end nddmrn@aeoi@eqvnem Thus,uon
3
uner 309 ALAR yd SRR FoB WAD Re URTVERRR LB bl

Due to the mmmc:ﬁufmmmzea nmetal in the sprue area the water cooling to
t he sprue post was renoved. The casting was of 5 exceptional quality. The

quality of this casting was considered to be superior to any other
previ ously Witbehe ihang;amérﬁoeF@efeectt anch®i tbd IéngtrempeathBMer:%o{; ableite teed i es

wer e not present in.this ase e sure  re ed i t he  cavi ty was
30% hi gher R Ror corhdomiesdr BEIERNAS SRITHHY Thee-etbr e SN RN Save
yield). 300 trosspestionf tiakfidchive metd aow nrbadn emdherunng 26heAn inaeend portidn f i es

rapidly on t unner urfa es, so t chann is formed, If the netal in
this cent raPP?aé:é rB‘n"Efrszse' %’r t?ydpe}r{% 37 roggled&l‘n@}’%rég%ml%ﬁﬂ\/?fsg%tsqwr\m | |
occur for saielrdnmrzse;nbg@eev@rj reiueéd iprdeptrabutipotetsdsin Mdh, duchithat gatd 28I ty
is kept high then viscous heating occurs, counteracting further |oss of
heat to the die walls. Thus the netal could flow for |ong distances. In
each of the runners observed throughout this work, with no machi ne setting
changes, the equival ent runner SVRSTITUFRHEEE Rue2@IRY&Nocity in the order of
150 m's. By inserting a runner section into the die, the velocity in the
runner was set at 150 mls fromthe start.




20 The casting should have been of 'at | east equivalent quality as that
produced under "normal" conditions. The inproved quality observed may have
been due to the rapid reaching of an equilibriumcondition of runner
velocity 150 ni's and gate velocity of 100 m's. This reducti dhdiAPRgRLity
prior to reach%@g %s%? cavity can be used so that the vel oci ic‘\; reduces from
the runner) througRhe gate and into the cavity. 25 The bEST/AUSHIEY desi gn
previously was one that had continuousl.yjincreasing velocity along the flow
path so th t apEst

front. Theq% aﬂﬁae@%/%@g&g foﬁﬁ/aga\ﬂgg r%rgér*ggi ﬁgﬁél%%@?g?%hﬁégat e \}2?%016%8’% n
nmost of théhemnmermﬁbﬁngdéqetwee@ Pieer 20 art Bshed?. her ei n shows that a high
runner velocity can be 30 enployed with a correspondi ng i nprovenent in
casting quality. SUBSTITUTE SI-SET (Rule 26) (RO ALn 0 9 APR ~00~ WO

991 28065 PCW IuéhJQ&h@lﬁlé)Sr?angeS\‘Emteoff Ejgmrlaeﬂ anelsaoeeati Wrwemgmmt salidifieatidn of

Figures 6 and 7 ner al 0 nsi d { on, of

Fi gures 1 aﬁauwe?/ﬁawe({gﬂél 'ﬁé’%tcgn@'bcllf %%l (f'% { n?tcﬁ%gg af P g gud guﬂhd 2
haveht he sacmef ITak eekiticey rshor redgh rﬂndssrﬂa(mcnoas BMonaSGumrgerf:czyurse?tﬁ:haﬂndt 300 f
in the case_.o arr nerrent ure 5 differs fromthat o
Figures 1 affg§" lél:‘i"'ﬂ {m{anﬁg}%&ﬁ/&go@q @Lpa ey @thvgceffﬂwvﬂqvé%y el fegPilfret er
to facilitahe reh@atly maéagth @A ruiner\R6 BAd, athéTHhé ProxifBityedf dideven B0i ddivity ed
runner ! sprue net al hus, over a nmajor lﬁgrt of its Iengthfromlts out er

end, bore méowe\&caaom af getadiindase 8f*a isakim i Pe preverigd DX ingvIating effest gk
vol ume of 1fe¥BIdnRE of Whigh slb§véif14 ) ﬁlébebel'ﬂéecpieréll' éil#é'ngemﬁ‘i’tr& Figtded N8Rd b s

stepped down to a mninmumdianeter) for a short |length, and then through to
its inner esHghithat tnéh%wé@gtoé magnpsiveraley habdesihayied aweight e @bP‘Ffe30 gm,

extraction @f 'ﬂ@ﬂi af . séé%n%%ééﬂ &hﬁ@rtzmglseéh {hamerqhﬁmtygf .tmhéﬂgsdﬁ@egsuch

as to cause so catlon Into bore arr angenent ure 6
ef fectivel ymbtah(forstwommd‘»anemslmast haryilesmeable@b%r@nmﬁdftp putahgms 15 unabl e
to proceed beyond the short m ninmum di aneter section, at |least in" the
short tine available in a casting cycle, due to the heat energy content the
vol ume of nEigate 8 rcotregpdnas genetaly to &gl dr, bubshofs detait of 2taarrdigement in

arr angenent 7 achi eve i r j r

N L 90 separterdashe Sfin oo ot PHERed B Ebe. BBahénst Pt Bbob 1§58 of e

m ni mrum di aRigtes 1adnd®have3Rd samé refereace ouraérabples 3M4. However, it is
preferred because of the overall sinplified form As shown, pI ug 320, bush
322 and sl eeve 324 have parallel end faces which) with die 312 cl osed, abut

on parting [n the d?ran@@mpﬁtraorag@elzé PL12) hadarfristactontical apm@rxﬂnh deoallhechsavi ng

of renelt netal 95% 25 Each of Fi nd 88

i|lustrdP esw%rﬁ’éﬁﬁtﬁga 107 O?ﬂ'é ?'8?‘?9 (B’fol?ﬁt%'rﬁ%ﬁ%/eq‘es?rlel h%a i Bush12%c or
al um ni um aPIu@WZOnhésh@roG@é?eem)ﬁ fdﬁhl@”ﬂﬁ?ar&ﬁ\m mekbumgms dufifeatunByrsai s, use
of the present invention in the case of Flfggéglf%mgﬁ stens shown depi ct

a respecti veudi @ORIRD hase dush 4R irmeg therpipdo %"t 05 R

define a moyhfle 6@ kas Jeénp’f@ra%@ebozeazefaﬂ‘e@rtﬁe@a%hamm SrdotR B cherBd ege P
Molten alloy is able to be injected into the respective cavity 76a,

each case, PIfeSUBH4 L defingla furtael dst4&ler RIFRWation REFRRIAY. a runner 78a, 78b)
and an ngate 80a, 80b. SUBSTI TUTE SHEET (Rule 26) (RO AU

As will be appreciated, a nozzle (not shown), similar to nozzle 30 of Figure 1, is used to
enable molten magnesium alloy to be injected through bore 122a, along runners 126,
and into die cavity 114 via gate 128. On completion of filling, coolant is circulated
through ducts 40, 46, to solidify runner/sprue metal through to the minimum cross-
30 section of bore 124a, between the tapered portion receiving pin 120a and the flared

outer end for receiving the nozzle of a die-casting system.

SUBSTITUTE SHEET (Rule 26) (RO/AW)



WO 99128065 - |19 ~ 9 a P ~ zco2 PCTI AU98/ 00987 In the case of Figure 8A,
runner 78a is of large cross-sectional area relative to the vol unme of
cavity 76a, and nolten alloy is injected fromrunner 78a through a gate 80a
of smaller cross-section. The flow of alloy, depicted by thg]%hmdzfogz ea,
is in 5 accordance with the traditional filling pattern recaoghised Tor
casting of zi nYuHA%%? uni ni um all oys. That is, a stream 82 BET/AYIBEWS] s
injected through cavity 76a to a regi omyQf the cavity renote fromgate 80a,
with a perivpfiefhalprbl Qwaﬁéngm@rh' PYiguRER dfds §2d bidhtldn® IBAYA- Hut ISR t e
this conpl ex peripheral TiTl anél) back-filling, quality castings can be
produced wilaraer; cress-gaetionl uAs nndisatad| tyssis oakeiéra parejviedi dit ed pemeatese such

cOMPl o 1O bl 19 80 SC E5pAchE SdcPBBAPAIOTLITh WL o nBHdrGeRL (NSS! U

alloys. In the e 0 runner b is of a small “Cross-sectional
area r el at icastirtgooftdver hahdiesofod farsvartdyweidii.thédvbame as tivag rod $he haradldsonefersed

injected fromrunner  Z8b throu ate 80b of |larger, cross- tio The
cross- sect i'Bi! E?]spﬁfgtoézﬁﬁfﬁs i ﬂncgg'cfﬁ?i%gfg%f 8 'B’e\?‘f{@pﬁ*?g’r‘s’}agﬁras%’ﬂgﬁ‘?%aﬁ ha

r unnerd78b)is,a105mnﬁa?ﬂhbﬁqubﬁi;;tgm;flm%n Péétﬁrﬁg of bgabeyoﬁﬂal with tﬁégﬂll(‘jaag&ﬁeﬁtgéfba )
gi ven die vity vol une. The w of magnesi um all oy, again depicte y the
shaded ar e,cﬁglge%/ﬁaadgi%ﬂﬁ?é’“@l"e With t@ﬂ%"%ﬁ%ﬁ%?%'ﬂ”%t state, the flow
buil ds up a body 86 of alloy which increases in volune away from gate 80Db,
to generate_a sem-solid front 88 which noves away from gﬁtgq}BOb to renote

regi ons of TCGMErA/shais schematicallne magnssiumeatoy 4R Jleppissrasing AR a3 feleatadon

det ai | efh hefdph s dle 'cBRELaR sHRREVIRG aHAEHER BRI itd FSnSpHIRY Relf 82, Afhe
i ndi cated, the experinments were with both hot-and cold chanber machines. In

each case, THPRersplie; etdl PR |inFoapRRaic Ve 6a¥iagR 0P Belerrlk Preups thentalter isy as
described Wiron! Ghi @gﬁméx‘fbn{%bp%ﬁeﬁﬁetaheaé\ﬁgt%aseﬁng otfEHid ndthbhvt! quantity 25

of the magnesium a in a east sone astings, appeared to have
entered the cavity in a nore liquid state than a sem -solid state. That -

nitial quatd hbne i HEmbAMHGRL RTem Sy BINAPRImLS, 3% dlldheRtfdds Qg acent
to the gate 0 SOfewnat nait T er e mcrostr cture'?but 0 rwi se of good
qual i t y)5 t chaving are eeEanfGOnoh° artecareespomiing Boextéraalf grofile de $ia fdomad shew in

reference tg Fi e 88, is.achi v%{wher an é 1;11‘ i about 140
o 168 m s, FRVErLy 307, esiie aeh TRyl Enafef i SRR e Bhafhal)
such as abotrbsg-gextibiiof dse afinddnes rthatnefr a freguiar sdpeziunir withy Fsuth ecropstsectidhs
indicated, this is WIIT%SEEET%RUM 26) (RO AU) 09 AP R 2002 WO
99128065 PCPiSNESN8 the 1 888 Y cylindrical core region through
the runner, such as illustrated in Figures 9A to 9C. Each of these Figures
shows the cross-sectjon of respectjve r_unmer s.90a, |, )

20 A sixth experiment was aimed at illustrating the effect of viscous flow on the distance
magnesium alloy would travel during casting. For this there was created a metal flow
system S as shown in Figure 5, consisting of a channel C providing a metal flow path
ending in a standard tensile bar impression B. The channel C had a nominal cross-
section of 4x4 mm and a length of 1230 mm.

25
Casting trials were carried out with the system S of Figure 5, on a 250 tonne cold
chamber die casting machine. The trials were conducted under normal operating
conditions for the machine, while the die temperature was only about 120°C. As will be
appreciated from Figure 5, the path of channel C is of a tortuous nature, creating high

30 resistance to flow. Despite this, flow along the full 1230 mm length of the channel C
was achieved, enabling filling of the bar impression B to commence. The flow iength of

1230 mm is considered not to be a limit. However, it is contrasted with an observed

SUBSTITUTE SHEET (Rule 26) (RO/AU)



90b and.90c. Solidification of alldy in the runner on conpletion of a
casting operation, and cutting of the runner to provide such cross-section,
shows a respective such 5 cylindrical core region 92a, 92b and 92c. These
regions represent for each runner an effective flow channel x® ) szal | oy
fl ow has been constrained substantially throughout die cavity filling in a
casting operat YOf*?%#i s constraint comes into being after PCIHEPV0PA | od of
initial flow, during which at |east partially solidified alloy 94a, 94b and
94c, as dephgted tlﬂym_%}&ﬁ'@'n?%f a0 qu%s@%a 36 ecsiBhAc Wih ldRventional
Ccross-sectional %rofl e of the tO runner. The cylindrical forma TIow

regi ons 92®radige annesotingiirsa funnetcross-Becton vary muaidagaeias k¢ mnar
cross-section, regardl ess of the profile of the runner in which) it is
produced. Figures 9A to 9C show typical runner profiles in which regions
92a, 92b and 92c of 15 circular cross-section have been achieved. It is

o of i 10 %of & Rl okt Bls R RE i Tt 4P oo éheRs b S RERE"

cross-sect iqral dasean®fthe eghicum 928, ofS2inersdardi2 gateb utblentd Ipradede cdaleableof t he
quantity of resultant runnerdl That quantity is able to be

g s%r ue net Ek1| "
further redReWPS\i TR S¥BREPEtal sot U condifiedi®her ein, by reduction in the
desi gned | angohtoffe 20edthelof Whakiber Mihine! Withiangeled didnacé lcbiisdctett & tHe
extent to which such reductions can be achi eved. , Magnesi um al |l oy casti ngs
of 1.6kg wei GRding fHmage viag sipkan HPQSW'HH%F%FOM{W&@@%NUWarre
structuie, gieMy¥e!shof MIRBRRS sydemi RRich ue 2pltifye? QlisPRRRGND VARG VAT 25

deep sections, were produced on a cold chanber nachine. Using a traditional
formof runnd®¥BUsuit, the quantity of runnerlsprue netal was 1.1 kg such

that the ca.stngme@,%@a@wgeﬂ eV ilddngf oPO b, WBIH MR fbREHREMGRBIRge Of
That

metal consunmed 1 n the casting operation. I's, about 40% of the netal
consumed needutfacehand tdmwmland. 80w from the gaterinte theceastingreavdy.di ng to t he

i nventi on) I £ @l was 0.36kg, 30 giving a yield
of 82% and %%@%@?&%ﬁg&m&a&ﬂﬁg@?ﬁ%ﬁ% e‘@dlg\r,\é?i ty of alloy needing to be
recycl eth SUERRtIdtEenSbEdiplgsfat surf2a6¢ meairatdent of tém@eraleRe 20~~ WO 991 28065
PCT/ AU98/ 009 gf -21%33{ il ) oft doaor _handl es of the formshown in Figure 4
wer e produce red qigita geg'm%f"ense?gﬁ?rﬁe by two inpression casting. Each
handl e had e Ry eflippéd 3000 for dlterations drithe tdienandyireparbtidtef igsertscast i ng
cycle. Wien produced with a traditional netal flow system each cycle
produced 30g of runnerlsprue, providing a yield of 65% Wth a 5 netal flow

syst em accoTlgh fdflowifg leRperhafi€bf the B¥@dHth Séties Wit casied bliaik with £gateveldciyr e 7,
runne;sl_spr ue nmetal was reduced to 1.5g) giving a yield of

LA P
1) Feeding in the end of the casting 60 with a 2x1mm gate gave resultant castings
which were of reasonable quality but not saleable. The sprue and runner section

were of the same approximate weight as the casting (50% yield).
2) Feeding in the end of the casting with a 7x2mm gate gave castings which were
25 of high quality and saleable. Soldering was observed in one area and this was
overcome by the addition of a cooling fountain in the area which had the effect of
reducing the die temperature. Sectioning the runner revealed a cylindrical flow
pattern (described herein with reference to Figure 9C) which represented a real
runner velocity in the order of 150 m/s. If then the effective diameter of the
30 runner was reduced to approximately 3mm (this being the observed diameter of
the cylindrical section) the insertion of a physical port of 3mm diameter should
have no effect on the quality of the casting. Hence a part of a runner was taken

to provide a segment 64 and a hole 64a of 3mm diameter was drilled through it
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to the traditional arrangenent, a 95%reduction in recycled alloy. An
eighth series of experinents was carried out to determne if it was
possible to direct to netal flowin a die cavity as in nornmal practice, and
to determine the effect of a nunber of alternative netal flp\g @t?@ In
this series, a "soap dish" shaped die cavity was used. The Torm of e
cavity is evi d¥R?*#%m the plan view of a cast dish D as sK&ERAUPHORE gur e
10, and the sectional view through the digsh D and a nale die tool T, shown
in Figure 11, t i Y g i ; h of
about 140 mm 1%529\}m8g{dﬁhg?agt)ngﬁla%6£wnw ﬁaﬁg&t Iﬁ%?éagg%ap4g%§r'rﬁnség%§%a wal |
t hi ckness of abdf rupnamadjagcenids the griei scotishits prie BAa&raedrd patyef theilerstsi de
wal I s inclined 4 ; : % i.onal
procedure for p?’ggﬁég%éeﬁiﬁgh&gh%df h&ggq?%&%ggcrégs%fgﬁﬁ %@vc'g% gﬁrgeﬂgg

i ncl udi ng a nai Mowwfreetal axta wopsssectionapanes df nahgere thah abonhzn synwiAlko t he

tangenti al runners.extending in_o S| iyections alaqn co n _sjde
cdge of the di o udin i Sieenmebl SHRBELRESTHLFR BRGR RoB0hht fPRRERa e ¢ hi o
gate to the cavidmount of raethi in®tthe cavly, The shokt Shatsl fromrisdutitient metdl bppéarb@st
ractice is illystrated by the fl ow system 410 sho i n_Figur . As

g hown) system 4%@ CAZRENSP ﬁé?"ﬁ Sreﬁ{‘ﬂfbwh'ﬁ%?’%l?% g e'a\é\% H‘E%"Q%@S%Epﬂg?t ely
ext endi ng tangenké alghrgaeeeBeidlds 100 @t eiutd tisspdadeitie? A0iqaiSbSerRictk@Rd
depicted at 416, of a die cavity for producing the dish D of Figure 10.
Each runner 414 fP¥ds two wedge or fan shaped gates 418 which are directed

across tife gavi tanomat FurdidF Rad bSed/ it it b%egﬁqeﬁtsecﬁﬂa&ihga IR BigHhatel &gl MM
at its runner to about 10 x 0.5 nmat the edge 416 of the cavi f

ty. |
Lypi cal of curr &4, BEetedindne GET LagROAREIM 9318, IbgIcastng wasef relalveivl
Cross-section tarp@{i il R I & I ; al f about
10x10 nmmto about 8)%98“%‘%#*2@%‘# ?gn%$r%%4frgﬁ%§gﬁé&4l , %rcggﬂ%:ti on
SUBSTI TI Tl ' E SHEETfa¢Rmagks2ip)thg R@aaUjthest\ione tezgaie suggestedriRab he2flomCinight U
98/ 00987 - 220f ' [ : ' : LEfLcul t.
However, as i nd?‘cag% %geggogué,eec{tléeac%?sﬂt&g%g%%gﬂewpﬁ?ﬁ‘P%%&éﬁ’%(g%éf?:sé(gt%i on
is to rdduce thewitrondomel prdostionsietweem eath o teemgintdinl diecteBwp8rature. Thivas s
nodi fication is rt] i 0 i th_ 3. e t il t] i.n terms of
anner oross secingred sl s ey i ekl e SAtY oD o euiP Se¥E .
t he runner cr osscontributenintodhe defdstst Tae pressussarehuigai te plisld thelimetad tredggh thé0 of
Figure 12, despite the nodification I . produce satisfactory castings.
10 In a second aMPSH € yes ?Lp.péog?'laf%f?dg}éhgﬁgftﬂgn Q%‘?aimoﬁ’%"oé‘s in Figure
13 was used. System 420 of Figure 13 differs fromsystem 410 of Figure 12,
in that gnly a single entry, chisel gate 428 was provided. .Shown ate
428 was 21 s Bboednat BT XTI § LorBah HEVISR DS SISNElhA UEWER i ERBNg. of
the runner 424 aghnpaNVdut IntE B8E sid8 Wastibertdt i & 7REAmiroy@s.d Thi gnndpiee Magend
edge of the cawé;riagThe gate 428 had a nomnal IS crois-sectl on of 1.5

\ . ( X 4
mm such that it BV CIoas 8eqRA RS HoWik@ Bfin HEniNR ANappe)dericird pbBSaf its
runner 428 {and pe (e Akt seblidndthf itk Afnef Bfeke wWere effefedt2d a8fto PYSdRE 410
were to provide directional flow of magnesiumalloy, as in normal practice,

system 410 woul dleps sesstareepto thei faw.urfdt Fasfing yplly Wagaextiemelyrgped and vl 20
fromgatg 428 woulichp QEARH aheNFedsife AMUREEH dRROiNeOmbBPIHrdIghSihdGuRfert e
cavity, along the far side to the other end) al ong the other "end to t?’ue
near side havi ngardiigtc heEavibriacrapeasbt arRProvaRately; e pYRIAIOFYalg Lone apger of
However, poor fill.l ; | f b § L)

achi eved) resul t%r?'sgt?]ﬁo %ﬁaﬁggﬁ%gggtrg@?rgggﬁ \ﬁéfgeH%\?\gE\!/cg?Hd gyagpgbrgegégﬂms
found t o producetheemsiat had dipivag shrobigh thehseptiph ayithsipiniresh solidifiestiori ajengethe2, 25
al t hough the casg| S of. i i i r ment
of the el ght h serPaeo B fbel Rt ekt B cfrer WRs talcllfet A (BWETTS
di f fers 30r om sysaehin4BOgate oFilglimgs.13 only in that chisel gate 428a is at 90
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to its runner 424a and therefore parallel to the adjacent end edge of the
cavity. As in system 420, gate 428a had a nom nal cross-section of 1.5x4
mm such that it was | ess than the 3x3 mm nom nal cross-section of its
runner 428a (and of the other, blind SUBSTI TUTE SHEET (Rul f) R6)py BE¥FAU) O
9 APR 2an~ WO %QI 28065 PCT/ AU98/ 00987 -23runner 428a). The system 470a of
Figure 14 provided*¥Superior castings clearly of servicabi ETHQHMBPYY  The
evi dence of the flow patterns obtained.{mn each of the eighth series of

experi nent $)s i ddtderBga@nientMhalil Ankt B sprubhst i6Ryh Y ahd witRta dkdrRmt abl e.
That is, the pattern of die cavity filling is quite unlike that described

with reference ¢anpelgpe used kufeedyhdxammodae v tataldlepgty pfi flowaef d&yemi bed

with reference fng fohaHs Sx$Bm ddbtibhe peass tYf rddliBed Vbiamel dfl &kl iRtRE shiieFi gur e
12, satisfactory fl'ow was not able to be achieved, due to the absence of a

sui tabl e cont r opteadheRierstasling dgjitiem sPiuA RAsE Weagemered. helher ¢agting Iwassefr at ed
in 10 Figure 13exc%Bﬁor%Yﬁﬂaleﬁr?h{é@£i\f)) J tRi8 c‘é”sﬁr{é &Modsideﬁ@ {o%eegl.w'eﬂof fo9ure
t. HowevVer, | e regi on was

14, such a regi on was prese n each case, t
defined in the dneothavpteyjousigtrhaste. t Frensurfacg atefect Botefl ifriegperendr® 3oof that e

428a of Figure 1 pth t i on. bound three si he .t op._and
bott om surf aces® ]lest eé'egpggrg%@ﬁtr@mgsn%# hgqggljp%@g%trg@ﬁ'ﬁ%g@@%?%ﬂ%ﬁ%f t he
cavity. Al so, i B0%hegreasiearoformaguTike fe8d syltemelvie 6% ofcehe sastirly wéightg@p®nsi on
is region in the gi'e cavity appears to have been dimnished in its

ef fectiveness, V& brci ng the casting quality, as a consequence of turbul ence
generated by the flow being directed at the adjacent end of the cavity. In
the systenms of Figure 13 and Figure 14, neither gate 428 nor gate 428a in
fact is a 20 gate as required by the present invention, in that it does not

provide a qpEpp&Yrs ehtaKe MsHeR MEtBOEMBrind tHéCRAner SlidifieY @apiBlyr dH RN ruhRér OF
runner 424a, respectively, it constricts flow and such region as is

obt ai ned i sSUBageMEP Hetid Brnfeltie forpedardtithgameiahipghis qantrabiasionds seRsplidesent

i nvention, hén bhehiglitiréaseSn VRESSIHREAN S84UF %%oﬁ@pé@&%ﬁ@e@&*@réat@?ﬁlaﬁ%oﬂ@8a as
a termnal end portion of runner 424 and runner 424a; respectively, zs

f eedi ngldi r@5h. §f theoveloaityris kent ihigh taarpyipenius mepting eacuts gournierasting fugberloss v
being no g t r Qi i r Bt Sedd |

her ai n t netial E°ER cie BRhl ARG Aot doby for i Botploss: M¥RRTte o
was dir ect etinners polbstmadn dhrdughoss thisc wetk, f withm ®o maofines isattingl thangesi thee 11

ooty Soered R P YRR T8, bl SRR S0, [V FbARB,g |
t hi s i ncl udungerasectiomiato tha4liey thecvelanitly dr therrosser yestsebat Hel migfreamdheastatter  of
3 mm W% ChThSeU(I?aSs-[i-rl;Blslh-gEd 'gl\zlg-rbe(eﬁuolfeat %ggst (Egl%aptgl)‘lt quality as that produced under
“normal” conditions. The improved quality observed may have been due to the rapid
reaching of an equilibrium condition of runner velocity 150 m/s and gate velocity of 100
m/s. This reduction in velocity prior to reaching the cavity can be used so that the
velocity reduces from the runner, through the gate and into the cavity.
25
The best runner design previously was one that had continuously increasing velocity
along the flow path so that no entrapment of air could occur at the fragmenting metal
front. The runner velocity was no more than 50% of the gate velocity in most of the
runner. However the work detailed herein shows that a high runner velocity can be

30 employed with a corresponding improvement in casting quality.
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0 9 AP R 2002 WO 991 28065 PCT/ AU98/00987 -24conmuni cates with the die
cavity, through tool T, via a gate portion 438. Fromrunner 434, gate 438
increases in dianeter in the flow direction and has a dianmeter of 5 mm at
its outlet end at the die cavity. s As with the eighth expgrg‘ %2% thhe di sh
D made with the arrangement of Figure 11 was cast in a col gq

machi ne. The sYSPEHY%30 is a radical departure fromthe priP6T/AYPEOOM essUr e
casting techniques for netals, and woul g _not be used under current best
practi ce. ?%&ﬁertJasﬁecxﬁysatr&%géﬁsgntpapgam ﬁ%@@a&aw Qbr&t}s}@ Ricbe
magnesi um al T oy 1 n successive Casting trial cles, indicatin

subst ant i auntﬁmsiencd frafm a‘mnsmegmlospééwums T apkR andmrrmsemta@ouasrwndmmr ci al

scal e. t e 1. d.to the
pr oductl on O%Q otfr'}?uﬁesy anS?OF n@g %H%QF%&E& r'%es'@?ér e llsng&f r%ug‘ﬁatsg 6| n
gate. 1n t Rigarec@&ang Smmsth@meusfmgtgaﬁe 15, a large casting 440 with broad

flat argas 440a and a difficult box shaped 15 area 440b with cross-ribs
440c and a boss 440d) was produced on a Frech 80 tonne hot chanber nachi ne.

The proj ectThé aprapgerféntIoN Fidips Bi differd 40miat FRigwre® 1vemdchin hapgbeetEMatdian
recommended b Frech for this ITB.ChI ne. ure

Th
desi gned t 68PBYS SIPRY® 244 waries ¢ diemsler o @Q&é%aﬁﬁose%PWQﬁ E’Hé{‘?’ﬁ\i’?é‘?q?@f‘l cs in

a conpl ex ﬁ’(b@é!f?romTMIde@@rurﬂfb?/sﬁ@@dnétﬁl dﬁfﬁmsfl@vérf‘é?nﬂjoepﬁﬂ\bﬂty lé‘r@rh frb1ft itsast i ng
440 was a three plate die enabl ed direct casti ngpwa single pin gate

448. Howev8Hter eR hopmR24mhasy iasoediameted ncutieh thg canespoppinglylarge VRYMESY of a
| ar ger foor mdien $HaMNs aBleRo B ﬁeplg UIES'B?J% bhy %nﬁé @zeggé@%oévﬂ&e LifimaRd

448b, on a Toshi ba 250 tonne col anber machi ne Sati sfactory castings
as i n Fi gudiamaerderea pthoduleadth, [@odethen thrgughedq iits riamart gndasingreaseso it @8l | abl e

Wi thin the; ﬂan&%ﬁat@é&?ﬁg&@P' O?IZlePJ the Sextrditlo C@ﬁ%bélgfanél;g)‘? 1BF tS0RdindHON of.

i ndi cated a nu TSCr et & oconti nuous I ront terns, according
with previ cunnegspei metal 3s asuthsasitb acause sdmes solidifigation rintpl berei €24muthédi ng.

T, e A S 50 A, T P

observati ons o experi conp ex shape OF boss
440d al s0 sinabledo giroadedrbaypnd cbhepbhmt hmmumjdhdmatgr sectiod| atataastmnmeastbrtt o]

2000 Vo8B SB6RHS CE partBasyioms oS el ansvnBre e e merlioe (o

no fl ashi nghefardesuteli ehd pbetidn dfdotenR24aar ge and conpl ex form of the casting
made. This and ot her observations point to the fact that the nagnesium
al l oy being cast did not behave as a cfass~cal |iquid. A further outcone of

5 the tent hrhexaesddehidnt iof Fif\ak 7 tachRGeABPSIMAAT bédht té hRatPoR SiRjuFeE 6] withhe die
cavity was considerably | ess than Pr edicted for the magnesi um all O\é?l nits

nol t en ¥ atS@pPaiatign of ?quﬁ'irﬂd apd) g4l mpltan InetahQACHiAG 2t P Lup plegetaice

casting, at3z3QseBraRi@kiBetLAr ﬂaweaardn ROirefotrad BeRERIOF thd HRraPSimpAted
bursting force (assumng a |.iquid) bei n |gereater t han t he stated I ocki ng
S

force of t Hpan. F,A@Cs(r,'nowﬁcalpgézolgush 322 and sleeve 324 have parallel end faces which,
with die 312 closed, abut on parting line P. Compared to Figure 3, there can be a

considerable saving of remeit metal of up to about 95%.
25
Each of Figures 8A and 8B illustrates schematically the pattern of die cavity filling, with
zinc or aluminium alloy in the case of Figure 8A and with magnesium alloy and use of
the present invention in the case of Figure 8B. The systems shown depict a respective
die 70a and 70b having parts 72a, 74a and 72b, 74b which define a mould cavity 76a
30 and 76b and are separable on parting plane P. Moiten alloy is able to be injected into
the respective cavity 76a, 76b, in each case, through a metal flow system which

includes a runner 78a, 78b, and an ingate 80a, 80b.
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The tent.h experinment, in particular, highlights a further practical benefit
obt ai nable with the present invention. The absence of flashing indicates
that the nom nal bursting force, i.e, that which is to be expected for a
liquid, is very much higher than the actual force prevaili r@g\zgﬁg &,ﬁ?ti ng
magnesi um al l oy in_accordance with the present invention. i

consequence, §gf§?8 84stings than expected may be able to HETHEHWRED on a
gi ven machine. The flow distance and thg.quality of the casting obtainable
with the invention appear to be relatively independent of the die
tenperature. However, there can be regions of the die in the hot chanber
casting whby tecease GRIHEUBEBA. KBRET FBaStY IHERIIToRS-SBEHONSD Greah iplate tprtheot h
the direct vélﬁv‘ﬁ@ Plafil)eredl ehﬁ m’men tfey & RERES traﬁ%ﬁn@f%atthﬁ)usﬁ% di&Boj unner
of the eight exper|r¥e e nolten nmetal nmust solid a position that
enabl es t hat spaker pr@sma(rt@novérbefﬁlqquf radloyi demicted anywealsr\aﬂradt Aeanss tien
netal to f r ie
casti nggt hé@é&égﬁ;&? Vavmlcizgg% {\ﬁago@cfrégm fﬁﬁﬁérﬁfﬂar%eaﬁgﬂggm I l?r%% stO?EZ@%a%Bgl ed to
t he entry glomidiemdiieys orhet fseaistredrs 824 allay. is Mjrste@Bhrosigh @dvitys&a twial regidepend

e, i nal Py 8 o0 Farkots TR AR, 8B i .5 phrtBL W B o el iRy Sk 1

nodi fi cati thescanitgl/ Despittdihtsi mlemperlwerahﬂr enwbm-ﬁumgoqt:biey cmmgf dsi bens and
arrangenments of parts. previ 30, desgri bed wit artln fromthe
b it o Bingteed s RiBiand eimoiin ke T ARV & pARHen FEB%S e oAl o
Apri | 2Q02fiffkd\brdducds ieds fiah aptirmbiMualits tastingo of magndsiunpaRssur e casting of
magnesiumalloy in a nolten state, using a pressure casting machi ne havi ng
a nmould or die which 5 defines a die cavity, wherein the systemincludes a

di e or moulglieOgdse B FigurtiBBe Rurfhet 788 % et a Eﬁaéﬁbrd%@-%eétmaﬁéreafrelhhﬁa fYHEEM
into which nolten ma&em umalloy is able to be received for _injection of

all oy i ntoV9|Hé"ecFPféJaé’ 765 Mojtan F‘T‘W%V‘@t%’ﬁfl issingpcted frsm mipies v BRithrgushha
control of Japf gdy b ey eYQ:Ir&%' gﬁo‘h t R BidasWbioR Pt g%taoé@@nhla%hh.xn%'bem t he

nmet al flowlngt roug out the die cavity is in a sem-solid state and

sai d fo¥m farger than thabaf uneersiBbi alse imayhedanggr then thes of géiﬁéioé(ﬂﬁﬁgyre 8A for
expansi on r, h to
o oad 1 at Erdyd8 Gati ol e bl fipdin? 1 dodTk HEtctcl B he ot
resul tant reglustn arviscous s sémewld/etam:l trythatastata. Ve ﬂmyv |bu$da/m ediody 86noft he

runner mher a S i : te to
ai'd sem - <30 yhef iFaBieBs , biiie BaPhorT S HABHCE dengfis 8 Bl lonk B
controlled v&xqtansve:srawawgrwmgmp@ﬂb tal remede l'qgldneolfbm/it@lﬂébcavi ty whereby the
met al if() able to flow fromthe runner and through the controll ed expansion
region Tnto the die cavity. 20 3. A systemaccording to claim2, wherein
the contr olih ¢tk exteanthiaccedintoahe invantiverdetailed Serdin, thaingalof eddtiag tforms
cross-sectional. area of fl wthr h the controlled ex Si.,0

exceeds an 3FrIRas; WS Kyvglved s@@t'ﬂ@ﬁ%ﬁd ‘F@a?XB‘Fr"W'B%Wteﬁ‘? ms&qrhgoﬁﬂﬁfnfé}d'
wher eby t he:hambat n’ﬁh%ﬁm@sVean@adWcéé'ﬁ i featibie filid epbeated CtoORS&Eplocedild ar ea
of flow throu%g t he runner which exceeds_jts vel oci t\z/? t hrog’l?h t he 25

control | ed %RpERLIY s degerbed With refersnee & guteRyi Hgwewercd smal witiahpeandityn t he

Cross- sert i mapRssith afidyo Athesst @Bmb e tHeCdstings!, ﬁﬂpé’@@&ﬁféﬁh@@ dntde®the
exceeds the effectl ve cross-sectional area of flow_through the runner to an

ext ent pr o/ ihd Bomoze figyidostale thABs2 sarisalid; statgy (Tihat r'%\‘f?éeq”éf‘“t&b&’lﬁ?fez 1to
4:1. 26 Qndiestkd, @Q@&.éem/}m%yéts%m Qe%ﬁé’r'i gﬂj@élentt@o bt bf sBH@Uvﬁbt”lefQ%nt

control | ed expansion region is defined | east in part by and within the
di e cavity,misipstuctpeecbut etbenviserny gpﬂ@%%l‘w g thgdpmaigder ¢f thg ?Q’?“ﬁ@ whi ch et al
enters the cavity. 5 6. A systemaccording to any one of clainms 1 to 5,
wherein provision of the controlled expansion region is achieved by a
st ep- wi 8& | Hur fevs desanibed w4itB refeniceto Figure 8B is achieved where an alloy flow rate is

at about 140 to 165 m/s, preferably about 1560 m/s, in the runner and 25 to 50% less,

such as about two-thirds of the runner flow rate, through the gate. As indicated, this is
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fromthe effective cross-section of the runner. 7. A system according to
any one of clains 1 to 5, wherein the controlled 10 expansion region
progressively increases in cross-section in the direction of nmetal flow

t heret hrough. 8. A system according to any one of clains 1 \;p b mel n
the systemis adﬁ&sedfor use in pressure casting with a gi rArBa e wth

which it is 15VQME8¥Sl e to achieve a velocity of netal thr BaHAUSRE98T unner
with the range of about 140 m's to 165 j§s. 9. A system accordi ng to claim

8. uherel n oL Nehop bikalih BAkdel \Aﬁgﬁrohiht OhindQull 5 uedially ifeguRger

accordi ng to a| m er el system 1S opera achl eve
a vel oci tygeftonwaEath obthaeke nguc&sgskhow:'.ahe@masedebm efxrpammtnw rwregmaOevw ch

is about 25%to % l.e t han veoct offo

15 A ayst ohb a8 DG sndntatph oh iy W RCibite i e BRI P asiag ghehen

cont rol | ed afd pRRtANgO6! thRginel o dhvide Swad bdm:cssdiscttmh shewy el msp%wbhﬁmgﬂ t he
runner. 12. A system accordjn oge of clains 1t erein the
runner Has C4NGHES é%’%f%s@ g% B‘£§¥C a?gﬁsmgtﬂ‘?séf%@?ﬂﬁf‘?reﬁqcp TS #8s t he
effective @ﬁ@&&@@loﬁﬁﬁfahﬂé\% whicRall®y fidw Rag béwy @inbfrgugmsub%?anna@; #HRdughot002

13. A system according to any one of clains 1 to 12, wherejn said systemis

operabl e t G'ea@ﬁ'té\f'g'"ﬂl"l‘ @ q"fﬁt“?ﬂ‘ ORgRRtianay | Hig CB’f/StWH\hCH@‘%é'HP beingj after Aotiogt of

metal . 14. oBritd BERRRI idW, JRFiRsIWRIch &t RaSASAtIAG ééildnﬁed@%eﬁlaumﬁhhd)ﬁ% using a
pressure 5 casting machi ne having a nmould or die which efines a die

cavity, \AhéiﬁBiCWdtWaS'ﬁﬂdﬂQa%“‘i%'éW gasyrfaers defining be %Qﬁ?p‘?%t'?f{?' pERfieeaf Hiel oy to
a metal f | Qyysystem which includes a die or nould tool neans which defines
at | east one runner of the systeminto which nolten magnesiumalloy is
received and fromwhich alloy is injected into the die cavity, and

STt or ¢ henEEbharicaf ntCh Rl defiing Bpn 627 Bl 43 19 (A (e BHRBHABMEY Y

all of the ow ng throu cavit a sem -so
and wher ei rirsutadcosesHsectioh| r&gardl&slstmebe owfita ngthalruouyerfm (whutrhei is pmoriarcetdo f | ow

t hrough a control,l.ed nsi.on n ehy OxY.S terally
in said redi'® ?S\Lhaf‘ttﬁ’ ﬁ?ﬁ%ttyq'%?' %%8 p\fﬁ}g I @nw@?ﬁ ?‘%ﬁ'éerlcst 5t %rz\%aﬂsq %231 of
resul tamt rotrdulat bmsiséctiotusha‘vb(huendohlavéd relsagvidemt froni these erafidst mat thet he
runner. 15 15. A process a in wher ei n it he abl e
o'l ow i+ GieHechlarea it gr e etails B it righ sef e FeliEed wikiu Chen
directly i nfighifidagt Mhact @Kithy crod6-sd&tiondl ikat sfiegion®0dangRy and loak,MbukAwiet
claim 15, V\/nerel n the control ] ed expansi on regi on and runner are fornmed

such that dRdetior&fithe qt’?'ﬁ%9%@@?'?%&4’"%”@8”8@?% Fh3aghy it abledrtRel | ed

expansi on rgghée8XsROth Qéheﬁf fag Getaned PERHS byaeliciBAlin MHecdbsinel gtk Br ough
the runner whereby the netal has a velocity through the effective

cross- st |tbﬁamnw eér hgffolioming ‘i’%?'l?dﬂ-ﬁt’?%thﬁﬁf?é‘tt tQ/\M‘@H sgeh ggauglinls Gansbe
velocity thy@puRlqt he controll ed expansion region.

Magnesium alloy castings of 1.6kg weight, in the form of a 450 mm high, 400mm wide
open frame structure, with wall thickness varying from 2 to 20 mm and having very
25 deep sections, were produced on a cold chamber machine. Using a traditional form of
runner/biscuit, the quantity of runner/sprue metal was 1.1kg such that the casting
represented a yield of 60% in terms of the percentage of metal consumed in the casting
operation. That is, about 40% of the metal consumed need to be recycled. With a
runner/biscuit according to the invention, the quantity of runner/sprue metal was 0.36kg,
30 giving a yield of 82% and a reduction of about 67% in the quantity of alloy needing to

be recycled.
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17. A process according to claim 16, wherein the cross-sectional area of

fl ow through the controll ed expansi on regi on exceeds the effective
cross-sectional area of flow through the runner to an extent resulting from
ratio of those areas in 30 the range of about 2:1 to 4:1. gﬁ E %l’l 2002
18. A process according to claim 14, wherein the controlle gxé R A
region i s defi WOdY28063 east in part by and within the die cartapss/eys?.
surfaces defining the cavity adjacent a,site at which netal enters the

cavity. 5 3:% sp5f08 Ii\e?rﬁﬁdé%egf B FPm2owi ??c ufd Q'Ngrelg'roﬁﬁ)cejcB{ \th%te' :

prow sion O € con Xpansion reglon ach ep-w se
i ncrease i nhambersnmﬂmte mnworlmpreslsmneiafsm |Emhdraodls hadct welghbdf ZSIgeguvingner

regi on, 10 A3k BrBbES AR BB Ay Bucen Pl AR T T .

t he cont rolsyadmenpemsycm prozigten 3pg of hemet/yrly, wromdnagsaegﬂeldrbfosss/ss-wmbl on in
t he dlrectloq gymea fl ow, t heret resswe

th
reduction i |SYPIEBLRASCRIdNg Pyhg H’%‘é’%d’vﬁ\gg‘?%ﬁ“gﬁ%s ‘g'i&ral@dp'f‘ %‘5 7af®€or di ng

to any preggdntigofiuahdishiud Mmetd) washedieied té m@gsgeuhg@yuad QPST AR, Fdlatdehi eve
a velocity of metal through the runner wth t ran?e of about 140 n’s to

165 ms. 230 the tRdiioaalarapgemantng 9P r@P%tWMTQCW‘Fé’r@ O%- t he velocity in said
range i s 20 about 150 nis. 23. A process according to claim21 or claim22,
wherein the systemis operable to achieve a velocity of flow of netal

t hrough t hé\ncighth spriesiexpeimpA was groied\aut tardeterminsoif it wasopossibBCydiree!s t han

the vel gei tysiaifnold iRY &,QE?M? ntﬂﬁ?lr Ougﬁi&ﬂﬁe’e andt d ﬁﬁl@&ﬁ%%f%‘&?@f Shind©

claim 23, wherein the ve contr expansion region is
about t wo- tofjalterpatife mhatal ﬂ@mwteym Hi @ugaeme%ar“mﬁvedlsh"mape@ digpeaity 262 25.

A process q,gggrqlg%?ﬁﬁloofwcm9 vﬁcw)év'%n% tti’:é1 al"fef;" dr"%‘@és‘?'d RridSs SHRAPH has a

desi gned cross-s onal ef 1 nes he e
cross sect iFiguxe 18r axd tife dectiona iemethrougb dhe dEhZBand\apnaieeiBtcmt&'osmbwrgmt 0 any

one of cl aﬁurgf St%h%nS gr&r’n%&frép %ff #lgLirsqgoqjhetJ] kh [5“!1258 eng I¥o* Bbdif mﬂ? \r/nerrcxi, by

nmoving fro
. AQAr . Alse. /a width d¥abAut™M00 ik, aAlRphof. abbivt meﬁd'an@{é/wélhthlckness of about 2 mm.

- AARACAY. Aw;/g é Iconzont r?Ype'lﬁ‘;'azhe'?‘a Fﬂaﬁog/% A\¥| ssde WA\YS m'AhnedAg{ abome‘to %he flange

and a flat base.

A conventional procedure for producing dish D would be to use a metal flow system
20 including a main runner feeding into tapered tangential runners, with the tangential
runners extending in opposite directions along a common side edge of the die cavity
and feeding along their lengths through a long thin gate to the cavity. In a first trial, a
modified version of current best practice is illustrated by the flow system 410 shown in
Figure 12. As shown, system 410 has a main runner 412 which feeds into two
25 oppositely extending tangential runners 414 which are disposed along a side edge,
depicted at 416, of a die cavity for producing the dish D of Figure 10. Each runner 414
feeds two wedge or fan shaped gates 418 which are directed across the cavity. Each
gate 418 varies in cross-section from about 6x1 mm at its runner to about 10 x 0.5 mm
at the edge 416 of the cavity. If typical of current best practice, each runner 414 would
30 have a normal cross-section tapering in the direction of metal flow therealong from

about 10x10 mm to about 8X10 mm. With such runners 414 and gates 418, production
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the casting quality, as a consequence of turbulence generated by the flow being

directed at the adjacent end of the cavity.

In the systems of Figure 13 and Figure 14, neither gate 428 nor gate 428a in fact is a
20 gate as required by the present invention, in that it does not provide a controlied
expansion region. Indeed, relative to runner 428 or runner 424a, respectively, it
constricts flow and such region as is obtained is beyond each of gate 428 and gate
428a. In terms of the present invention, it therefore is more appropriate to regard gates
428 and 428a as a terminal end portion of runner 424 and runner 424a, respectively,
25 feeding directly to a controlied expansion region and there effectively being no gate

present.

Returning to Figure 11, there is illustrated therein the basis for a ninth expernment
which, like the eighth experiment, was directed to producing dishes D cast from
30  magnesium alloy. Figure 11 illustrates a metal flow system 430 in accordance with the
invention. In system 430, a final part of the magnesium alloy flow path is shown, with

this including a runner 434 of circular cross-section having a diameter of 3 mm, which
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magnesium alloy casting by direct feeding through a pin gate. In this case, as shown in
Figure 15, a large casting 440 with broad flat areas 440a and a difficult box shaped
15 area 440b with cross-ribs 440c and a boss 440d, was produced on a Frech 80 tonne
hot chamber machine. The projected area of the casting 440 was 390 cm? which is

greater than recommended by Frech for this machine.

The casting 440 of Figure 15 was designed to test the effect of flow distance and flow
20 characteristics in a complex shape. The tool 442 used to define the die cavity for the
casting 440 was a three plate die which enabled direct casting via single pin gate 448.
However, the tool 442 also enabled casting 440, or a casting 450 of a larger form as
shown in Figure 16, using three pin gates 448, 448a and 448b, on a Toshiba 250
tonne cold chamber machine.
25
Satisfactory castings as in Figure 15 were produced. However, directionality was not
controllable within the normal expectations of pressure casting. The actual flow
indicated a number of discrete continuous front fill patterns, according with previous
experiments and similar to those found in plastic moulding. There were extended flow
30 lengths, which accorded very well with observations on experiment six. The flow
through the complex shape of boss 440d also showed similarity to plastics moulding, in

direct contrast to that of pressure diecasting.
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"10% & () - agﬁéélam aIon being cast did not behave as a classical liquid. A further outcome of
101 +#10% ;

10 & Ll S 00 £ Qo KN LI@EAE 4 agma ().
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f&l (%)%I_ll&F?f)l (F)EO;‘e_lr;% W%t?mnellgjec&gn pre%glf{% %\e ZaJtmg,th%%%Y?z pro;écted area, did not
flash despite the nominal bursting force (assuming a liquid) being greater than the
stated locking force of this Frech machine.
10
The tenth experiment, in particular, highlights a further practical benefit obtainable with
the present invention. The absence of flashing indicates that the nominal bursting
force, i.e. that which is to be expected for a liquid, is very much higher than the actual
force prevailing with casting magnesium alloy in accordance with the present invention.
15 As a consequence, larger castings than expected may be able to be produced on a
given machine.
The flow distance and the quality of the casting obtainable with the invention appear to
be relatively independent of the die temperature. However, there can be regions of the
die in the hot chamber casting where care must be taken in both heating and cooling.
20 In both the direct feed of the ninth and tenth experiments and the edge fed runner of
the eighth experiment, the molten metal must solidify at a position that enables that part
to be removed from the die but also allow the molten metal to flow back into the
gooseneck. As with normal high pressure die casting the use of a cooling medium and
a heating medium must be applied to the entry to the die to effect the result. The
25 method used will depend on the make and size of machine as well as the complexity
and size of the die.

Finally, it is to be understood that various alterations, modifications and/or additions

may be introduced into the constructions and arrangements of parts previously

30 described without departing from the spirit or ambit of the nvention.
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10 state and said form results from the system including at least one controlled
expansion region of the system in which region the metal flow is able to spread
laterally, with respect to its direction of injection, with a resultant reduction in its
flow velocity relative to its velocity in the runner whereby the state of the alloy is
changed from said molten state to said semi-solid state.

15
2. A system according to claim 1, wherein the controlled expansion region
opens directly to the die cavity whereby the metal is able to flow from the runner
and through the controlled expansion region into the die cavity.

20 3. A system according to claim 2, wherein the controlled expansion region

and runner are such that an effective cross-sectional area of flow through the

controlled expansion region exceeds an effective cross-sectional area of flow

through the runner whereby the metal has a velocity through the effective cross-

sectional area of flow through the runner which exceeds its velocity through the
25 controlled expansion region.

4, A system according to claim 3, wherein the cross-sectional area of flow

through the controlled expansion region exceeds the effective cross-sectional

area of flow through the runner to an extent providing for a ratio of those areas in
30 the range of about 2:1 to 4:1.
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7. A system according to any one of claims 1 to 5, wherein the controlled

10 expansion region progressively increases in cross-section in the direction of
metal flow therethrough.

8. A system according to any one of claims 1 to 7, wherein the system is
adapted for use in pressure casting with a given machine with which it is

15  operable to achieve a velocity of metal through the runner with the range of about
140 m/s to 165 m/s.

9. A system according to claim 8, wherein the velocity in said range is about
150 m/s.

20
10. A system according to claim 8 or claim 9, wherein the system is operable
to achieve a velocity of flow of metal through the controlled expansion region
which is about 25% to 50% less than the velocity of flow through the runner.

25 11. A system according to claim 10, wherein the velocity through the
controlled expansion region is about two-thirds of the velocity through the runner.

12. A system according to any one of claims 1 to 11, wherein the runner has a

designed cross-sectional area which substantially defines the effective cross-

30 sectional area of flow therethrough.
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10b 1Db; casting meachive havingga mould or die which defines a die cavity, wherein the
process includes the steps of supplying molten alloy to a metal flow system
which includes a die or mould tool means which defines at least one runner of
the system into which molten magnesium alloy is received and from which alloy
is injected into the die cavity, and controlling metal flow velocities in the system
10  whereby substantially all of the metal flowing throughout the die cavity is in a
semi-solid state and wherein said controlling includes causing alloy from the
runner to flow through a controlled expansion region whereby metal flow spreads
laterally in said region, with respect to its direction of injection, with a resultant
reduction in its flow velocity relative to its velocity in the runner.
15
15. A process according to claim 14, wherein the metal is able to flow from the
runner, through the controlled expansion region, and then directly into the die

cavity.

20 16. A system according to claim 14 or claim 15, wherein the controlled
expansion region and runner are formed such that an effective cross-sectional
area of flow through the controlled expansion region exceeds an effective cross-
sectional area of flow through the runner whereby the metal has a velocity
through the effective cross-sectional area of flow through the runner which

25 exceeds its velocity through the controlled expansion region.

17. A process according to claim 16, wherein the cross-sectional area of flow

through the controlled expansion region exceeds the effective cross-sectional

area of flow through the runner to an extent resulting from ratio of those areas in
30 the range of about 2:1 to 4:1.
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the controlled expansion region is achieved by a step-wise increase in cross-
section from the effective cross-section of the runner, whereby there is a step-

wise reduction of metal flow velocity in said region.

10 20. A process according to any one of claims 14 to 18, wherein the controlled
expansion region progressively increases in cross-section in the direction of
metal flow therethrough, whereby there is a progressive reduction in metal flow
velocity in said region.

15 21. A process according to any preceding claim 14 to 20, wherein the system
is operable to achieve a velocity of metal through the runner with the range of
about 140 m/s to 165 m/s.

22. A process according to claim 21, wherein the velocity in said range is
20 about 150 m/s.

23. A process according to claim 21 or claim 22, wherein the system is

operable to achieve a velocity of flow of metal through the controlled expansion

region which is about 25% to 50% less than the velocity of flow through the
25  runner.

24. A process according to claim 23, wherein the velocity through the
controlled expansion region is about two-thirds of the velocity through the runner.
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<=>7? @BC@M@MM@@@WM@E?\Wh ichasubstdrdially ldefineps dhe taffestive {crgss-
sectional area of flow therethrough.

5§ 26. A process according to any one of claims 14 to 25, wherein filling of the

die cavity is achieved by moving fronts of semi-solid metal.

10
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